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1 .O INTRODUCTION 

This Remedial Investigation (RI) and Risk Assessment (RA) Report was prepared for Site 1, Golf Course 

Landfill (aka Willow Glen Golf Course), at the Department of the Navy’s Naval Station Great Lak’es, Great 

Lakes, Illinois, under Contract Task Order 0013. The RI/RA Report was prepared in accordance with the 

Comprehensive Long-Term Environmental Action Navy IV Contract Number N62467-04-D-0055 and 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) guidlance for 

conducting Rls and feasibility studies [United States Environmental Protection Agency (USEPA), October 

19881. This investigation will provide data on select organic and inorganic chemical concentratiolns in soil, 

sediment, surface water, and groundwater at Site 1. 

The Navy implemented the investigation of this site with a team of representatives from the Illinois 

Environmental Protection Agency (Illinois EPA), Naval Facilities Engineering Command Midwest and 

Southeast and its consultant Tetra Tech NUS, Inc. (TtNUS), and the Naval Station Gre,at Lakes 

Environmental Department. This RI/RA Report summarizes the environmental investigations of Site 1. 

Figure l-l is an aerial view of Site 1 and Figure l-2 is a site map. The site operated as a landfill from 

1942 to 1967 on approximately 50 acres that is now covered by the Willow Glen Golf Course. The landfill 

was operated as a trenching/burning operation and received an estimated 1.5 million tons of material total 

during its years of operation. The landfill was closed in 1969, and at that time, a layer of ash from coal- 

fired power plants at Naval Station Great Lakes was placed over the landfill, and topsoil was placed over 

the ash. Based on aerial photography, it appears that the front nine-hole portion of the golf course was 

constructed between 1953 and 1955; the remainder of the golf course was constructed in 1968 <when the 

landfill closed. A fire fighting training unit located in the center of the site was built in 1942 and operated 

until it was taken out of service in 1989. Environmental investigations were conducted to determine the 

nature and extent of contamination at the fire fighting training unit, and environmental remediation of the 

old fire fighting training unit site was conducted to remove underground and above-ground storage tanks 

and petroleum-contaminated soil (TtNUS, February 2007). 

The Initial Assessment Study conducted in 1986 for Naval Station Great Lakes concluded that both 

surface water and shallow groundwater were potential contaminant migration pathways at Site 1. The 

Initial Assessment Study recommended that a Confirmation Study be completed at Site 1 because of the 

variety of toxic materials that may have been disposed in the landfill and the close proximity of human 

receptors (Rogers, Golden & Halpern, March 1986). 
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1.1 FWRA APPROACH AND OBJECTIVES 

The overall goal of the environmental investigative work at Naval Station Great Lakes is to characterize 

environmental contamination and to determine whether there is a risk to human health and the 

environment and to therefore determine whether further action is required, and if so, to develop 

appropriate remedial actions. 

The overall goals of this environmental investigation were to delineate the nature and extent of 

contamination and to identify potential risks associated with Site 1. The chemical data for Site 1 

(groundwater, subsurface soil, surface water, and sediment) were used to delineate the nature and extent 

of contamination. The chemical data were also used to conduct a baseline Human Health Risk 

Assessment (HHRA) (see Section 6.0) and to complete Steps 1, 2, and 3A of an ecological risk 

assessment (ERA) (see Section 7.0). 

Naval Station Great Lakes is a Navy installation located within USEPA Region 5 and the State of Illinois. 

TtNUS has prepared this report on behalf of Naval Facilities Engineering Command Midwest and Naval 

Station Great Lakes to comply with USEPA Region 5 and Illinois EPA requirements and guidance 

governing the performance of Rls and RAs. In accordance with those requirements, project planning 

followed the USEPA Data Quality Objectives process (USEPA, August 2000). This process requires 

. explicit statements of the problem to be solved, 

. identification of the spatial and temporal boundaries related to the problem and the measurements to 

be made in solving the problem, and, if applicable, 

l quantitative specifications of the error tolerances for making decisions. 

The process culminates in the specification of decision rules designed to solve the stated problem that 

are documented in the Quality Assurance Project Plan (TtNUS, February 2007). 

1.2 REPORT SCOPE AND ORGANIZATION 

This report documents the results from the current field RI program and also presents data from and 

summarizes findings and conclusions of previous investigations at Site 1. Further, it incorporates the 

reports associated with these previous investigations by reference to provide a comprehensive record of 

the investigative activities at Site 1. 
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This report contains the following sections: 

1 .o 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Introduction 

Site Background 

Site Investigation Activities 

Nature and Extent of Contamination 

Chemical Fate and Transport Analysis 

Human Health Risk Assessment 

Ecological Risk Assessment 

Conclusions and Recommendations 

1.3 NAVAL STATION GREAT LAKES LOCATION AND DESCRIPTION 

Naval Station Great Lakes is located in Lake County, Illinois, along the shore of Lake Michigan. It is 

bounded on the north by the City of North Chicago, on the south by the Veterans Administration Hospital 

and Shore Acres Golf Course and Country Club, on the east by Lake Michigan, and on the west by 

U.S. Route 41 (Skokie Highway). 

Naval Station Great Lakes is located within both the North Branch Chicago River Drainage Basin and the 

Lake Michigan North Drainage Basin. The divide between the basins is along Green Bay Road. 

Overland flow from precipitation that does not infiltrate into the ground flows into the Skokie River or 

Pettibone Creek. The areas east of Green Bay Road drain into Lake Michigan through Pettiboine Creek 

and areas west of Green Bay Road drain into the Skokie River. 

1.4 ENVIRONMENTAL SETTING 

1.4.1 Geoqraphy, Demoqraphics, and Land Use 

Naval Station Great Lakes covers 1,632 acres of Lake County, Illinois. Lake County is located in 

northeastern Illinois, north of the City of Chicago, and comprises 24 miles of Lake Michigan shoreline. 

Lake County extends from the Wisconsin border south to Cook County and from Lake Michigan west to 

McHenry County. Lake County is divided into 18 townships, 52 incorporated cities and villages, and 18 

unincorporated cities and villages. 

There are numerous lakeside communities in Lake County. The most recent 2000 United States Census 

Bureau data estimate the county’s population at 617,975. During the 1950s and 1960s population 

growth occurred primarily in the lakefront communities but, by the 1980s and 199Os, population growth 
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moved north and west. Currently, most of Lake County’s population lives in the 52 incorporated cities 

and villages. 

Current land uses in Lake County include agricultural, industrial, and residential. Farmland and lake 

resorts characterize the western portions of the county, and industrial, urban, and suburban areas follow 

the 24 miles of Lake Michigan shoreline on the east. There are also three state parks in Lake County. 

Naval Station Great Lakes administers base operations and provides facilities and related support to 

training activities (including the Navy’s only boot camp) and a variety of other military commands located 

on base. A variety of land uses currently surround Naval Station Great Lakes. Along the northern 

boundary of the base are the most highly urbanized and industrial areas. Much of the land beyond the 

northwestern site boundary comprises unincorporated lands of Lake County and is vacant except for 

scattered retail and residential properties. Adjacent to the western boundary are primarily industrial 

properties, and along the southern boundary is a mixture of public open space and residential land 

(TtNUS, February 2007). 

1.4.2 Phvsioqraphv and Toposraphy 

The gently rolling topography of Lake County, Illinois, is the result of glaciation. The most prominent 

topographic features are glacial moraines and other unconsolidated glacial deposits that cover most of 

Naval Station Great Lakes. The terrain of Naval Station Great Lakes consists of relatively flat glacial drift 

deposits bordered by steep lake-facing bluffs cut with vertical sloping ravines. The unconsolidated glacial 

material that comprises the bluff faces and ravine walls is under continual erosion. 

The topography of Lake County creates poorly defined drainage patterns consisting of swales that enter 

depressions and marshes. Most of Naval Station Great Lakes is located on a plateau with elevations of 

640 to 660 feet above mean sea level. Pettibone Creek and the eastern portion of Naval Station Great 

Lakes and the Lake Michigan shoreline are at an elevation of approximately 600 feet above sea level. 

Intensive development has replaced most of the oak, hickory, maple, and other hardwood forests that 

originally covered the area. Native woodlands occur primarily on the vertical sloped ravine of Pettibone 

Creek and on the bluffs facing Lake Michigan. The forested areas of Naval Station Great Lakes are 

includewith white and red oak, maple; European larch, and white and scotch pine trees and there are 

shrubs including raspberry and blackberry bushes. The principal mammals in the Naval Station Great 

Lakes area include groundhogs, raccoons, squirrels, opossum, rabbits, chipmunks, and deer (TtNUS, 

June 2003). 

.- 
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1.4.3 Climate 

The climate of Lake County, Illinois, is considered continental. Changes in temperature, humidity, 

cloudiness, and wind direction occur frequently. The summer season is warm with few prolonged hot 

periods. Although major droughts are infrequent, there are commonly long periods of dry weather during 

the growing season. The area receives approximately 34 inches of rain per year, with 63 percent 

occurring between April and September. The average seasonal snowfall range is 37.2 to 41.1 inches. 

The average temperature is 58 degrees Fahrenheit; the winter months normally have temperatures below 

freezing. 

1.4.4 soil 

The soil of Lake County, Illinois, is classified into two groups, Morley-Beecher-Hennepin and Made Land 

soil. Morley-Beecher-Hennepin soil consists primarily of loams and silt loams and is located OII level to 

very steep ravines. This soil is characterized as well to poorly drained and has low to moderate 

permeability. Made Land soil include areas of manmade cuts and fills covered by roads and buildings. 

This fill material includes a variety of soil and non-soil materials that have not been characterized. The 

soil types that form the plateau where Naval Station Great Lakes is located include Morley, Aptakisic, 

Wauconda, Beecher, and silt loams (TtNUS, February 2007). 

1.4.5 Reqional Geoloqy 

The geologic units encountered at Naval Station Great Lakes include aeolian and lacustrine deposits, 

glacial till, and bedrock. Bedrock consists of Silurian Niagran and Alexandrian dolomite, the lowermost 

geologic unit encountered at Naval Station Great Lakes. The bedding is nearly horizontal to gently 

eastward dipping in the vicinity of Naval Station Great Lakes. The interface between the bedrock surface 

and overlying till consists of 1 to 15 feet of broken bedrock (dolomite), gravel, sand, and coarser material. 

This material appears to be debris ground from the bedrock by the advancing glaciers of the Wisconsin 

Stage of glaciation during the Late Pleistocene epoch. 

Unconsolidated glacial tills blanket Lake County. Several glacial moraine systems are present within the 

county including the Valparaiso, Tinley, Zion City, and Lake Border systems. Naval Station Great Lakes 

falls within both the Lake Border and Zion City moraine systems. In the northern portions of Naval Station 

Great Lakes, the Zion City moraine is exposed at the ground surface and extends from North Chicago to 

Waukegan, Illinois. These glacial moraine systems are composed of Wadsworth till, which constitutes the 

largest volume of surficial deposits overlying the bedrock. The Wadsworth till ranges from approximately 
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170 to 210 feet in thickness overlying the Silurian bedrock. This till is an unsorted mixture of sand, silt, 

and clay imbedded with pebbles, cobbles, and boulders. Interstices between the coarser-grained 

sediments are typically filled with fine, clay-sized particles resulting in low permeability. Generally, the 

Wadsworth till is clayey, with thin and irregular lenses of sand or silty sand occurring over limited areas. 

The till has been further subdivided into clayey and sandy phases according to the size of the dominant 

particles. Because clay comprises up to 70 percent of the till at Naval Station Great Lakes, the clayey 

phase dominates in the local area. 

An aeolian material, the Richland loess, covers the Wadsworth till and ranges from 16 to 20 inches in 

thickness. This aeolian material is much finer grained than the underlying Wadsworth till. These wind- 

blown materials of the Richland Loess make up the current soil profile of Naval Station Great Lakes. 

Deposits of silt, clay, and sand of the Equality Formation characterize the central and southern portions of 

Naval Station Great Lakes (TtNUS, February 2007). 

1.4.6 Reqional Hvdroloqy 

The shallow subsurface at Naval Station Great Lakes is composed of glacial till that has few, if any, 

continuous sand stringers that could carry groundwater over long distances. The Skokie Ditch is a 

perennial stream on the golf course. The Skokie Ditch originates northwest of Site 1 and travels via an 

underground storm sewer until it surfaces in the middle of Site 1. The Skokie Ditch flows in a southerly 

direction from the site, passing the Supply Side section of Naval Station Great Lakes and exiting Navy 

property after passing the Green Bay Sewage Treatment Plant in Forrestal Village. From there, the 

Skokie Ditch becomes the Skokie River, which eventually discharges into the Chicago River. The Skokie 

Ditch is a sluggish, almost stagnant stream in this area, except immediately after a storm. No fishing has 

been reported in close proximity to the activity (Rogers, Golden & Halpern, March 1986). 

The Skokie Ditch south of Buckley Road in the Supply Side and Forrestal Village section of Naval Station 

Great Lakes is steeply cut and the normal water level is approximately 10 feet below the top of the bank. 

The banks are mowed, with dominant vegetation species being turf grasses including Kentucky bluegrass 

and fescue. Scattered trees such as weeping willows and eastern cotton woods are also present. 

Representative test pits and general observations did not reveal any primary or secondary indicators of 

wetland hydrology, so the area does not qualify as a wetland. However, the channel of the Skokie Ditch 

does qualify as a jurisdictional “waters of the United States” below the ordinary high water mark, which 

includes the area below the top of the bank of the Skokie Ditch. 
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2.0 SITE BACKGROUND 

In 1986, an Initial Assessment Study conducted at Naval Station Great Lakes identified waste 

management areas, disposal sites, and contaminated areas caused by past hazardous substance 

storage, handling, or disposal practices from Naval activities. Each site was evaluated with respect to 

contamination characteristics, migration pathways, pollutant receptors, and potential threats to human 

health or the environment. As part of the Initial Assessment Study, the Navy identified 14 potential areas 

where hazardous materials may have been released to the environment at Naval Station Great L,akes. Of 

these 14 sites, seven sites were recommended for further investigation, one of which was Site 1 (Rogers, 

Golden, & Halpern, March 1986). The following sections provide a historical overview and background 

for Site 1. 

2.1 SITE CHARACTERIZATION 

2.1 .l Location and Description 

Site 1 offers recreational activities for Naval Station Great Lakes and the surrounding area and is located 

north of Buckley Road and east of Route 41 in the northwestern corner of the naval station. The 18-hole 

golf course covers approximately 125 acres. Based on historical aerial photographs, a landfill was 

operated at this site between 1942 and 1967 on approximately 50 acres that is now covered by the 

western part (back nine) of the golf course. 

2.1.2 History 

Site 1 was a landfill that operated between 1942 and 1967 as a trench/burn facility. It received an 

estimated 1.5 million tons of material total during its years of operation. Types of waste reportedly 

disposed at the landfill included domestic refuse, sewage sludge, petroleum, oil, and lubricants, solvents, 

coal ash, and materials contaminated by polychlorinated biphenyls (PCBs) (C.H. Guernsey, November 

2002). 

A dragline was used for excavation of the trenches. Each trench was approximately 8 feet wide and was 

dug to at least the top of the water table (6 to 8 feet in this area). Occasionally, the trenches had several 

feet of standing water in the bottom. General refuse and trash were disposed directly into these trenches. 

Free liquid oil, such as waste engine oil from activity shops, was also disposed in this manner. After a 

significant volume of material was placed in a trench, the pile was ignited and allowed to burn. 
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Proceeding in this manner, the trenches were progressively filled and covered from west to east and 

north to south (Rogers, Golden & Halpern, March 1986). 

When the landfill was closed in 1969, a layer of ash from coal-fired power plants at Naval Station Great 

Lakes was placed over the landfill and topsoil was placed over the ash. Based on aerial photography, it 

appears that the front nine-hole portion of the golf course was constructed between 1953 and 1955. The 

Golf Course Clubhouse, Building 3312, and the parking lot associated with the building were constructed 

in 1963. The back nine-hole portion of the golf course was initially constructed in 1968 and was 

reconstructed in 2003 (C.H. Guernsey, November 2002). 

A fire fighting training unit was built in 1942 and operated until it was taken out of service in 1989. The 

fire fighting training unit was located on 10 acres that are now at the center of the golf course. 

Consequently, the fire fighting training unit was active during the operation of the landfill and during the 

operation of the golf course. Environmental investigations were conducted to determine the nature and 

extent of contamination at the fire fighting training unit, and environmental remediation of the old fire 

fighting training unit site was conducted to remove underground and above-ground storage tanks. 

2.2 ENVIRONMENTAL SETTING 

2.2.1 Geoqraphy and Land Use 

The portion of Site 1 targeted in this investigation is a former landfill that occupied approximately 50 

acres. The landfill is now covered by an 18-hole golf course that covers approximately 125 acres. 

2.2.2 Phvsioqraphv and Topoqraphv 

Site 1 is located within the Skokie Drainage basin, which is part of the Mississippi River Watershed. The 

site is at an elevation of 690 feet above mean sea level, and the slopes in the site area range from 1 .O to 

1.5 percent (C.H. Guernsey, November 2002). 

2.2.3 Soil and Geoloqv 

The soils at Site 1 include of Pella silty clay loam, Morley silt loam, Ashkum silty clay loam, Grays and 

Markham silt loams, Zurich and Morley silt loams, and Made Land. The majority of soils at the golf course 

have been mapped as Made Land soils that consist of areas of manmade cuts and fills and areas 

associated with the landfill, as mapped by the Natural Resources Conservation Service. 
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In general, geologic materials in descending order include 100 to 150 feet of fine-grained till, 10 ‘to 50 feet 

of sand and gravel, 10 to 50 feet of fine-grained till, and Silurian-age dolomitic bedrock. The geology of 

the county is described as unconsolidated glacial till overlying Silurian-age dolomite. 

2.2.4 Ecoloqv 

General discussions of threatened and endangered plants and animals that occur or could potentially 

occur at Naval Station Great Lakes can be found in the Environmental Assessment for Implementation of 

an Integrated Natural Resources Management Plan at Naval Station Great Lakes, Illinois (Navy, February 

2001). 

Site 1 is located inland from the Lake Michigan shoreline of Naval Station Great Lakes. In the Pettibone 

Ravine and along the bluffs and beach areas where human impacts are least, there are a variety of 

breeding and migratory birds, as well as several species of mammals. Within the Main Installatiom, recent 

bird surveys documented 34 species of breeding birds and 100 species of migratory birds, including the 

downy woodpecker and cooper’s hawk (Navy, October 1995 and August 2000). Mammals likely or known 

to occur on the Main Installation include the woodchuck, whit‘e-tailed deer, and raccoon. Ecological 

receptors that occur at Site 1 consist of those typically found in urban areas, such as terrestrial 

invertebrates and various songbirds. 

Site 1 contains both surface water and groundwater. The Initial Assessment Study concluded that there 

are potential contamination migration pathways at Site 1 and that the downward migration of 

contaminants into deeper aquifers used for drinking water is unlikely due to aquitards formecl by the 

glacial till of the area. It was determined that runoff from the Supply Side section of Naval Station Great 

Lakes may enter the Skokie Ditch, which eventually drains into the Chicago River. Groundwater 

migration should be monitored because of the variety of toxic materials that may have been disposed in 

the landfill and the close proximity of human receptors. 

2.3 PREVIOUS SAMPLING EVENTS 

The data from prior sampling events are shown in Tables 2-l to 2-3. These summary tables show ranges 

of concentration, maximum and average concentrations, and frequencies of detection for groundwater, 

surface water, and soil sampling at Site 1. Tag maps showing exceedances of Illinois EPA Tiered 

Approach to Corrective Action Objectives (TACO; Illinois EPA, June 2007) and USEPA Region 9 

Preliminary Remediation Goals (PRGs) for groundwater, surface water, residential soil, and industrial soil 

(USEPA. July 2006) are provided as Figures 2-l to 2-4. 
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2.3.1 Previously Documented Groundwater and Surface Water Contamination 

In 1991, Dames & Moore, Inc. completed an investigation at Naval Station Great Lakes. Nine 

groundwater monitoring wells were installed, and two rounds of groundwater samples were collected from 

these nine wells for chemical analysis (December 1988 and March 1989). As part of the investigation, 

surface water samples were collected at two locations (Dames & Moore, November 1991). Figure 2-l 

shows all of the previous groundwater sampling locations, and Figure 2-2 shows all of the previous 

surface water sampling locations for Site 1. 

The groundwater levels measured during this investigation indicated that the monitoring wells installed at 

Site 1 penetrated two different water-bearing zones, one with a potentiometric surface less than 10 feet 

below ground surface (bgs), and one with a potentiometric surface from approximately 15 to 30 feet bgs. 

There was no indication, however, that the two zones were connected, nor was there evidence that wells 

with similar water levels were in zones that are connected (Dames & Moore, November 1991). 

Several inorganics were detected at very low concentrations in the shallow groundwater samples 

collected during the investigation. A single exceedance of Illinois EPA TACO criteria was detected for 

cadmium and selenium and may not be statistically significant. Beryllium was detected at concentrations 

in exceedance of Illinois EPA TACO criteria in two samples; however it was also detected at similar 

concentrations in background wells and downgradient wells, indicating that the observed beryllium 

concentrations may reflect naturally occurring beryllium and not contamination from the landfill. Figure 2- 

1 shows exceedances of Illinois EPA TACO values and USEPA Region 9 PRGs, and Table 2-l provides 

a summary of the historical groundwater data collected at Site 1. This table provides the frequency at 

which each parameter was detected, provides the range of concentrations for each parameter, identifies 

the sample with the maximum concentration of each parameter, and provides a comparison of the data to 

regulatory criteria. 

In March 2004, TolTest, Inc. was contracted by the Navy to collect three groundwater samples along a 

250-yard section of the Skokie storm sewer located at Site 1. These samples were collected to support 

the investigation of several sinkholes that appeared on the golf course in the vicinity of the Skokie Ditch. 

The groundwater samples were analyzed for semivolatile organic compounds (SVOCs) and Resource 

Conservation and Recovery Act (RCRA) metals. The data obtained from the groundwater samples were 

compared to the TACO Class I and Class II groundwater screening objectives (see Table 2-l and Figure 

2-l). SVOCs were not detected in the groundwater samples at concentrations that exceeded method 

detection limits. However, two RCRA metals (barium and selenium) were detected at concentrations that 
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exceeded method detection limits. Selenium concentrations slightly exceeded its groundwater screening 

objectives (TolTest, March 2004). 

Copper, lead, mercury, and silver were detected in the surface water samples collected from Skokie Ditch 

in 1991. Some of the concentrations exceeded surface water quality criteria. Oil and grease was also 

detected in the surface water samples (Dames & Moore, November 1991). Figure 2-2 shows 

exceedances of Illinois EPA TACO values and USEPA Region 9 PRGs, and Table 2-2 provides a 

summary of the historical surface water data collected at Site 1. This table provides the frequency at 

which each parameter was detected, provides the range of concentrations for each parameter, identifies 

the sample with the maximum concentration of each parameter, and provides a comparison of the data to 

regulatory criteria. 

2.3.2 Previously Documented Soil Contamination 

In December 1995, Brown & Root Environmental, as part of a Relative Risk Evaluation at Various 

Activities, collected one soil sample and a duplicate from Site 1 at Naval Station Great Lakles. The 

samples were analyzed for Target Compound List (TCL) volatile organic compounds (VOCs), SVOCs, 

pesticides, and PCBs, Target Analyte List (TAL) metals, and cyanide (Brown & Root Environmental, 

March 1996). Table 2-3 provides a summary of the historical soil data collected at Site 1. This table 

provides the frequency at which each parameter was detected, provides the range of concentrations for 

each parameter, identifies the sample with the maximum concentration of each parameter, and provides 

a comparison of the data to regulatory criteria. Figures 2-3 and 2-4 show the locations of exceedances of 

Illinois EPA TACO residential and commercial/industrial screening values, respectively, and exceedances 

of USEPA Region 9 PRGs. 

In August 1998, TtNUS collected shallow subsurface soil samples at Site 1 as part of an Addendum to the 

Technical Memorandum Site Sampling in Support of Relative Risk Evaluation at Various Activities. Four 

samples were collected and analyzed for the full suite of TCL/TAL parameters and cyanide (TtNUS, 

August 1998). Table 2-3 provides a summary of the analytical results, and Figures 2-3 and 2-4 show the 

locations of exceedances of Illinois EPA TACO residential and commercial/industrial screening values, 

respectively, and exceedances of U.S. EPA Region 9 PRGs. 

In January 2003, C.H. Guernsey & Company was tasked by the Engineering Field Activity Midwest to 

perform a subsurface environmental investigation at Site 1 in support of the reconstruction of the back 

nine holes of the golf course. Between January 14 and 15, 2003, C.H. Guernsey & Company installed 42 

soil borings. Landfill material consisting of black cinders, black powder, broken glass, wood, plastic, 

fabric, paper, wire, nails, metal, brick, concrete, gravel and clay was encountered in 30 of the 42 soil 
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borings installed. Six soil samples were collected for headspace analysis, and five soil samples were 

collected for laboratory analysis (C.H. Guernsey, February 2003). Two of the samples were collected 

from an area near Hole No. 4, and one sample was collected from each of three areas where excavations 

were proposed. The samples were analyzed for VOCs, SVOCs, and eight RCRA metals. VOCs were not 

detected in the samples. SVOCs [anthracene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, di- 

n-butylphthalate, fluoranthene, indeno(l,2,3-cd)pyrene, phenanthrene, and pyrene] were detected in one 

soil sample, and metals were detected in the five soil samples (C.H. Guernsey, February 2003). Soil 

analytical results are summarized in Table 2-3. Figures 2-3 and 2-4 show the locations of exceedances 

of Illinois EPA TACO residential and commercial/industrial screening values, respectively, and 

exceedances of USEPA Region 9 PRGs. 

C.H. Guernsey & Company performed a second investigation in February 2003 in which 22 soil borings 

were installed. Eight of the 22 soil borings encountered landfill material. Per Navy instructions, soil 

samples were not obtained for headspace or laboratory analysis. 

TolTest, Inc., also collected 10 subsurface soil samples along a 250-yard section of the Skokie storm 

sewer located at Site 1 in March 2004. The 10 subsurface soil samples collected were analyzed for 

VOCs, SVOCs, and RCRA metals. The data obtained from the soil samples were compared to the Illinois 

EPA TACO screening objectives for residential and commercial properties (see Table 2-3). No VOCs, 

SVOCs, or RCRA metals were detected in the soil samples at concentrations that exceeded their 

respective screening objectives. The purpose of collecting these soil samples was to evaluate subsurface 

environmental conditions and not to obtain closure under TACO or the Illinois EPA Site Remediation 

Program (TolTest, March 2004). 
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Parameter 
Feqoency 

of Range of Detections 
Detection T 

TABLE 2-2 

SURFACE WATER SUMMARY STATISTICS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, iLLINOlS 

IL TACO 
Federal Ambient 

Average of Region 9 Tap 
Ecological Ecological 

Location with Maximum Average of Region 9 Tap IL TACO Groundwater Groundwater Federal MCL 
Water Quality Federal Water Surface 

Surface Water 
Concentration Co~c~~a~ons All Results Water PRG ,?$$~~s Ingestion Tier 1 Incc~~~rsl Federa’ MCL Exceedancgs HH’~~~~~ion 

Exceedances 
Water 

Orclanisms 

Q”a’ity Criterion (,) Ex~~~~;~es 

‘olatile Organics yg/L) 
iCETONE 

IIS(2-ETHYLHEXYL) PHTHALATE If4 1 2 I IO t GLDM-OlSW02 1 2 I 4.3 t 4.8 t 0 I 6 t 0 t 6 t 0 1 t 380 t 0 I 
‘etroleum Hydrocarbons pg/L 

)IL & GREASE 1 2f4 1 7000 - 15600 t 2 1 GLDM-OlSW02 1 12750 1 6375.5 1 
lorganics @g/L) 

,RSENIC l/4 7.39 3-10 GLDM-OlSW02 
:OPPER 
EAD 2l4 4.79 - 9.06 
IERCURY 
LELENIUM 

;ILVER l/4 43.6 7-10 GLDM-OlSWOl , 
‘INC 4f4 22.4 - 43.9 0 GLDM-OlSWOi 1, 
liscellaneous Parameters (pg/L) 

:HLORIDE t 4f4 1247000 - 646000 1 0 1 GLDM-OlSW02 1 420125 1 420125 1 NC t 0 4 t NC t 0 0 0 NC 0 
OTAL ORGANIC CARBON 1 

t t t 
414’ 1 7000-8930 1 

t 
0 1 GLDM-OISW02 1 8127.5 1 8127.5 1 NC 0 I NC t 0 NC 0 NC 0 1 NC 1 0 

1 The sources of the ecological surface water criteria are provided in Table 1 in Appendix II of the Quality Assurance Project Plan. 
Associated Samples: 
1991 DAMES & MOORE RI STEP NC = No criterion. 
Round 1 - December 1988 Round 2 -March 1989 PRG = Preliminary Aemediation Goal 
GLDM-OlSWQl-1988 GLDM-OfSWOl-1989 IL TACO = Illinois Tiered Approach to Corrective Action Objectives 
GLDM-OlSW@1988 GLDM-OlSW02-1989 MCL = Maximum Containment Level 



TABLE 2-3 

SOIL SUMMARY STATISTICS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILUNOIS 

PAGE 1 OF 4 

Parameter 
Fequency of Range of 

Detection Detections 
Range of 

Nondetects 

IL TACO SRO for 
IL TACO SRO for 

IL TACO SRO for 
IL TACO SRO for 

Location with 
Average of Detected Average of All Residential 

Residentiat 
Residential 

Residential 
Maximum 

Concentration 
Concentrations Results Properties - 

Properties - Properties - 

Ingestion 
’ Ingestion 

Properties - 
Inhalation 

Inhalation 
Exceedances Exceedances 

I 
Volatile Orsnics @g/kg) 

I I I I I I 

3 - 16.8 GLTT-OlMW04 4.1 3.5 NC 0 NC 0 
f2-42 GLTT-OIMW02 15.0 14.3 7800000 0~ 100000000 0 
451-12 GLTO-OlSB003 0.86 1 2.34 7800000 0 720000 0 

1 2 100000 0. 300 0 
752 0." 2.85 85000 0 t3000 0 

I 780000 0 ! 1190.0 
itmn 
I1”V.V 0 I 1"""""" 

1 NC 

-I" "I""""-r 2890 259 390000 0 53000000 0 
-TT-OlMW03 139.0 73.8 NC 0 NC 0 

w-TO-OlSB004 2770 232 NC. 0 NC 0 
2340.0 330.5 NC n NP n =I .- 8 I.” 

1 I 

I I ” 

590.0 137.7 4700000 ! 0 NC I 
0 I 

90.0 I 67 1 t NC I 0 NC 0 
0 NC 0 
4 NC 0 
4 NC 0 
" 

-TT-OfMW03 1369.8 320.2 
GLTT-OlMW03 5114.2 1560.5 

_TT-OlMW03 5265.0 1599.6 
2081.4 
898.7 

6850.7 
2908.3 
4611.4 

i.4-,215 1 

I.” I ” 

1 NC I n I 
n I wmnt 163 4L-..- " " ,"""JOO 0 

45.5 80.9 16000000 0 930000 0 
1227 337 32000 0 NC 0 

.TJ-OlMW03 5688.8 1732.9 88000 0 NC 0 
, ,,TT-OlMW03 1829.2 487.4 

1.2-400 1 GLTT-OlMW03 348.2 98.9 NC 0 ~~ NC 0 
154.9 7800000 0 2300000 0 

1 
457.0 
ORI3 F ' Y”1L.U 3389.4 3100000 0 NC 0 
688.0 152.4 3100000 0 NC 0 

"II",,."" 1 NC 0 
0 f70000~. 0 
1 NC 0 
0 NC 0 

+?A67 t I n h,P I rl 
---J---&J-'a"" I J/d " 

6120 34-30000 45.4-215 GUT-OlMW03 5735.0 

2/20 29-2880 O-400 GLTO-OfSB004 1455 I LU5 I 4/“““““” 1 U 

6120 
I NC; 

81-63000 45.4 - 215 GLTT-01MW03 11655.2 3522.8 2300000 1 1 ~~ 1 0 NC 

I 

PHENANTHRENE 
PHENOL 
PYRENE PesticidnnlPCRs h~n/kd 

t U 
I 

---.-.---.. --” ,. 
4,4'-DDD ! 215 1 2.5-8.8 j 3.9-3.9 A .a".-- 1 GLTT-OIMWOI r 
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TABLE 2-3 

SOIt SUMMARY STATlSTfCS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLIN01S 
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Parameter 
Fequency of Range of 

Detection Detections 

inorgamcs tmglwgj 

Range of 
Nondetects 

Location with 
IL TACO SRO for 

Maximum 
Average of Detected Average of All Residential 

Concentration 
Concentrations Results Properties - 

Ingestion 

IL TACO SRO for 
IL TACO SRO for 

IL TACO SRO for 
Residential 

Residential 
Residential 

Properties - Properties - 
Ingestion 

Properties - ’ 
Inhalation 

Inhalation 
Exceedances Exceedances 

ALUMINUM 515 3140- 16000 1 - 

ANTIMONY 315 0.39 1.7 - 

ARSENIC 1 o/20 2.7 9.9 - 1.9 - 4.3 
BARIUM 20/20 28.5 223 - GLGN-OISB015 81 
BERYLLIUM 515 0.49 1.2 - GLTT-OIMW03 0.8 
CADMIUM 3/20 0.5 I .7 - o- 1.07 GLTT-OlMW03 1.1 0.34 CALCIUM I 78 0 1800 

515 
I 0 

8840-51000 
I I 

- GLTT-OfMWOl 32208 32208 
CHROMIUM 

1 NC 0 NC n 
20/20 7.5 42.8 - GLTO-OiSBOlO 2, 

,CARAl T Tic I I24 10’) I 

GLTT-OlMW02 11124 f1124 NC 1 0 NC 0 0 - 0.4 GLTT-OlMW03 0.84 0.55 31 0 
NC 0 

GLTT-OlMW03 6.5 3.9 NC 0 750 0 
6.3 86.3 5500 0 690000 0 

0.8 160 0 t300 0 

4.6 ILTT-OlMW05 I 24.6 I 230 I 0 1 270 
1 

I 0 10.6 10.6 4700 
0 t NC n _--,,-. .J,J “. I - IL.3 COPPER .- 

515 20.4 497 
- 

GLTT-OIMWOI 97.4 IRON I 97.4 2900 0 NC 
515 

0 
13100 29400 

- 
- GLTT-OlMW03 

LEAD 20/20 . 6.69-429 - 

MAGNESIUM 515 7390 28700 - - 

MANGANESE 515 419 f500 - GLTT-01 Mv\ MERCURY JO4 1 799 I 799 I 3700 I 0 I 69000 I n I 9/20 
0.0539 2.4 

- 
0 - 0.024 GLTT-01 Mwfl2 1 n AO?l I nm I ‘)? I 

I 
n I In I I\ I 

NICKEL 515 11.7 29.2 - 
POTASSIUM 

GLTT-OlM’vw , c.+.a I L‘t.3 I lo”” 515 r IJUUU 0 793.5 - 2780 I - GLTT-01 
MW02 SELENtUM 

1 
1978.7 1978.7 NC 

Yl 
NC 

5120 
1 0 

1.2-4.8 0.63 - 5.37 
’ I_ ,.Anr.nl,. I ^^ 

xi 
1 1 

SILVER 1 GLIu-UI~IXJW 1 I 1.66 I 390 I 0 NC 
3120 

0 
0.6 1.1 

- 
0 - 5.37 ’ ^‘TT rlll”lblAT) I GL I I-” ll”l”“UJ I\,. 

U.Y I 
,? ̂ -. 
U.bl I 

^^^ 

SILVER 
3YU I u 

! 
0 

3120 0.6 - 1.1 
I NC 

0 - 5.37 GLTT-OIMWOZ 0.9 SODIUM OK I 390 0 NC 515 0 ” 
66.7 246 

- 
13 -. GLXOIMWOI 

I I HALLIUM I A/A I I.1 

VANADIUM 
ZINC 
Miscellaneous Parameters (%) 

I‘ I I ” 

515 14.8 37.8 - [ 1 GLTT-01 MV1 
515 62.4-654 1 1 GLTT-OIMWOI 1 195.3 I 

0.6 130.6 NC 1 0 1 NC GLTT-OlMW04 1 1.8 1.8 6.3 0 NC 

ro2 I 

0 0 

27.1 27.1 550 0 NC 0 
195.3 23000 0 NC 0 

PERCENT MOISTURE 1 iO/tO 1 11.82- 17.1 1 GLTO-OfSB009 14.9 PERCENT SOLIDS I 1 1 1 1 1 I 14.9 
515 1 

I NC I 0 I NC I 0 
46.5-89.5 GLGN-OlSB015 75.5 75.5 NC 0 NC 0 
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NAVAL STATION GREAT LAKES 
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IL TACO - SSLs for 
USEPA Region 9 PRG USEPA Generic SSLs for 

USEPA Generic SSLs for 
Migration from Soil to USEPA Region 9 PRG 

Residential Soil Migration from Soil to 
Migration from Soil to 

Groundwater (DAF 20) - Residential Soil 
Exceedances Groundwater (DAF 1) 

Groundwater (DAF 1) 
Exceedances Excedances 

T 

Parameter 
IL TACO - SRO for 

IL TACO - SRO for IL TACO - SSLs for 

Industrial Properties 
Industrial Properties Migration from Soil 

Inhalation - Industrial 
inhalation - Industrial to Groundwater 

Exceedances (DAF 20) 

Volatile Organics (uglkg) 
2WTANONE I NC I 0 I NC I 0 I 22000000 I 0 I 4400 I 0 
ACFTONF i nnnnnnnn I n lfinnn n ldnnnnnn I n cfinn n .--. -..- 
CARBON DISULFIDE 
CHLOROFORM 

Semivolatile Organics @g/kg) 
1,2,4-TRIGHLOROBENZENE 
1,4-DICHLOROBENZENE 
2,4-DINITROTOLUENE 

2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
4-CHLORO-3-METHYLPHENOL 
4-NITROPHENOL 

,-__--_-- 
720000 

540 

3200000 
17000000 

NC 
NC 
NC 

v I .-“-- I . .---111 - WY”” ” 
0 32000 0 360000 0 1500 a 
0 600 0 220 0 29 0 

4 

0 5000 0 62000 1 
1 
I 
1 

a NC 0 56000 0 
0 NC 0 NC 0 NC 0 
n NC fl NC n NC 0 

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 

I .- 
NC 0 570000 0 37aaooo 0 31aoo 0 
NC 0 NC 0 3700000 0 NC a 
NC 0 12000000 0 22aooooa 0 650000 0 

DI-N-BUTYL PHTHALATE 2300000 0 2300000 0 6100000 0 250000 a 
FLUORANTHENE NC a . 4300000 0 2300000 0 310000 0 
FLUORENE NC a 560000 0 2700000 0 41000 0 
INDENO(1,2,3CD)PYRENE 
NAPHTHALENE 270000 
N-NITROSO-DI-N-PROPYLAMINE 

PENTACHLOROPHENOL NC 0 L 0 3000 O 
PHENANTHRENE NC 0 NC 0 2300000 0 I NC 0 
PHENOL NC 0 100000 0 18000000 0 -v :tt 1 
PYRENE NC 0 4200000 0 2300000 0 I 230000 0 
Pesticides/PCBs fua/ko\ 
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SOIL SUMMARY STATISTICS 
SITE I- GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 
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IL TACO - SRO for 
IL TACO - SRO for IL TACO - SSLs for IL TACO - SSLs for USEPA Generic SSLs for 

Industrial Properties 
Industrial Properties Migration from Soil Migration from Soil to USEPA Region 9 PRG 

USEPA Region 9 PRG USEPA Generic SSLs for 
Migration from Soil to 

Inhalation - Industrial 
Inhalation - Industrial to Groundwater Groundwater (DAF 20) I Residential Soil 

Residential Soil Migration from Soil to 
Groundwater (DAF 1) 

Exceedances (DAF 20) Exceedances 
Exceedances Groundwater (DAF 1) 

Excedances 

Associated Samples: 
1995 Relative Risk Evaluation 
GLTT-01MWo1-1995 
GLl-T-OIMWOI-1995-AVG 
GLTT-OlMWOt-1995-D 

$QOR DdD+i>rn DZ.ak C.e-t..-t:-- 
""V B."IY.l"G lllJ L"(IIUd l"#, 

GLTT-OiMW02-1998 
GLTT-OtMW03-1998 
GLTT-OlMW04-1998 
GLTT-01 MW05-1998 

2003 Guersney Investigation 
GLGN-OlSB004-0004 
GLGN-OlSB015-0004 
GLGN-OI SBO22-0004 
GLGN-OlSl3028-0004 
^, ^. . _ -- 
tiLtit\l-015B041-0004 

2004 TolTest Subsurface Investigation 
GLTO-OlSBOOi-1517 
GLTO-OtSB002-1517 
GLTO-OlSB003-1517 
GLTO-OlSBOO4-1517 
GLTO-OlSB005-1517 
GLTO-OlSB006-1517 
GLTO-OlSB007-1517 
GLTO-OlSBOO81517 
GLTO-OlSB009-1517 
GLTO-OISBOIO-1517 

PRG = Preliminary Remediation Goal 
IL TACO = Illinois Tiered Approach to Corrective Action Objet 
SSL = Soil Screening Level 
DAF = Di!utinn 4tttmnt1otinn Cno+fir . -, . . l..“, I.ALxL,“I . I UVI”, 
SRO = Soil Remediation Objective 
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3.0 SITE INVESTIGATION ACTIVITIES 

RI field activities for Site 1 were performed from December 1 I to December 20, 2006, and March 5 to 

March 14, 2007. The .activities consisted of subsurface soil sampling, installation of temporary and 

permanent monitoring wells, groundwater sampling of these monitoring wells, aquifer testing on 

permanent monitoring wells, surface water sampling, and sediment sampling. These field activities 

supported the collection of data to meet the following objectives: 

l To characterize the nature and extent of contamination at the site and to estimate human health risk 

for receptors exposed to subsurface soil, surface water, and sediment. 

l To provide water level and hydraulic conductivity data useful for determining groundwater flow 

direction and velocity. 

l To verify that the presumptive remedy (utilizing the golf course as cover and conducting groundwater 

monitoring at the landfill boundary) is protective of human health and environment. 

A summary of the field investigation sampling rationale is presented in Table 3-l. The following sections 

discuss deviations from the work plan, field activities conducted, and site-specific geologic and 

hydrogeologic characteristics at Site 1. A summary of the environmental sampling (subsurface soil, 

groundwater, surface water and sediment) activities are provided in Table 3-2. 

3.1 DEVIATIONS FROM THE WORK PLAN 

There were several minor deviations from the project Quality Assurance Project Plan (TtNUS, February 

2007) during the field investigation at Site 1 as follows: 

. Bentonite seals for several shallow permanent monitoring wells were less than 2 feet thick due to the 

shallow depth of the screened interval and construction constraints of the flush-mount pads. 

l Temporary wells were developed with a high-rate submersible pump until visually clean because 

weather conditions (low temperature) made use of water quality instruments unreliable. 

l An extra sediment sample was collected because the lithology was unique compared to other 

sediment sampling locations. 

xxxxxx/P 3-l cro 0013 
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No task modification forms were deemed necessary for the minor variances that occurred because the 

actions taken are consistent with approved SOPS or had minimal effect on the quality of data collected. 

3.2 FIELD INVESTIGATION 

The following sections discuss the activities performed during the field investigation at Site 1, including 

subsurface soil, groundwater, surface water, and sediment sampling; monitoring well installation; 

groundwater level measurements; aquifer testing; and investigation-derived waste (IDW) management. 

The activities were conducted to meet requirements of the Quality Assurance Project Plan for Site 1 - 

Willow Glen Golf Course Remedial Investigation and Risk Assessment at Naval Station Great Lakes, 

Illinois (TtNUS, February 2007). A TtNUS geologist supervised the drilling and well installation activities 

and reviewed the field documentation. A TtNUS licensed Professional Geologist reviewed the drilling logs, 

well completion logs, and field documentation. The field activities followed TtNUS SOPS provided in the 

Quality Assurance Project Plan Appendix V (TtNUS, February 2007). 

3.2.1 Direct Push Technoloqy DrillinnBampling 

Subsurface soil samples were collected to provide information on the location of the landfill boundaries 

and to provide chemical data for soil along the proposed storm sewer routes. A total of 103 soil borings 

(Table 3-l and Figure 3-l) were advanced. Boring depths ranged from 12 to 40 feet bgs. 

Direct-push technology (DPT) methods were used to drill the borings. This technique involves pushing 

tools hydraulically or mechanically into the ground to the desired depth. This method was used to collect 

subsurface soil samples at various locations throughout Site 1. The soil samples were collected in 1.5 

inch inside diameter (ID), 4-foot-long acetate liners. Soil cuttings from below the ash layer were placed in 

55gallon drums and labeled as IDW. A composite sample was prepared by the laboratory from 

submitted soil samples to characterize this waste for appropriate disposal. 

.3.2.2 Subsurface Soil Sample Handlinq/Analvsis 

A summary of the soil samples collected and analyses performed is presented in Table 3-2. Upon sample 

retrieval, each soil core was screened for the presence of volatile organics with a photoionization detector 

(PID) (calibrated to 100 part per million isobutylene), and visually classified for lithology and presence of 

ash and/or waste materials, soil moisture, and other pertinent observations. In addition, the soil borings 

were screened with Ludlum detectors for radiological contamination (a summary of these results are 

included in Appendix A.2) consistent with methodologies outlined in the approved Quality Assurance 

XXXXXXIP 3-2 CT0 0013 
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Project Plan (TtNUS, February 2007). The soil fractions to be analyzed for VOCs were collected first 

using Encore samplers and placed in a cooler of ice maintained at 4 degrees Centigrade (“C). The soil 

fractions to be analyzed for other parameters (SVOCs, PAHs, pesticides, PCBs, herbicides, 

dioxins/furans, metals) was mixed, placed into the required containers, immediately sealed, and placed in 

a cooler at 4%. The 4-foot-long clear acetate sleeves were cleaned of soil and were decontaminated in 

accordance with Section B2.A.12 of the Quality Assurance Project Plan (TtNUS, February 2007) and 

disposed as non-hazardous, municipal trash. Copies of the soil sample log sheets are p,rovided in 

Appendix A. 

The soil samples were shipped to Severn Trent Laboratory in Pittsburgh, Pennsylvania, for chemical 

analysis (see Section 3.2.10 for additional information on sample handling, packaging, and shipping 

procedures). Validated laboratory data memoranda are provided in Appendix C, and the laboratory 

analytical summary sheets are provided in Appendix D. 

3.2.3 Well Drillinq and Installation 

Fourteen monitoring wells (ten permanent, four temporary) were installed at Site 1 during this investigation 

as shown on Figure 3-2. Table 3-3 provides a summary of monitoring well construction information. The 

hollow-stem auger drilling technique was used for monitoring well drilling operations. The depths of the 

monitoring wells ranged from 18.7 to 39 feet bgs. The nominal diameter of the well borings was 

approximately 8 inches. With the exception of monitoring wells NTCOlTW02 and NTCOlTWm03, each 

monitoring well was constructed of 2-inch inside diameter, Schedule 40 polyvinyl chloride, flush-joint, riser 

pipe and lo-foot-long flush-joint, factory-slotted, polyvinyl chloride well screen and with end cap. Well 

screens were 15 feet long at NTCOlTW02 and NTCOlTW03 to correlate to depths of waste observed. 

Each section of casing and screen was National Sanitation Foundation approved and met American 

Society for Testing and Materials Standard A312-86a. The well screens had a slot size of 0.01 inch (10 

slot) and were supplied with a flush-joint bottom cap. 

After the riser pipe and screens were in place, the annulus of the boring was backfilled with U.S. Standard 

Sieve size of No. lo-20 clean silica sand from the bottom of the boring to a minimum of 2 feet above the 

top of the well screen. Four and a quarter inch ID hollow stem augers were used to hold the borehole 

open as the clean silica sand was placed around the well screen. As the sand pack was installed, the 

augers were slowly retrieved to provide an adequate sand pack around the well. A bentonite seal 

consisting of bentonite chips (minimum 2-foot thickness at the wells except for NTCOiTW02, 

NTCOlMWOl, NTCOl MW05 and NTCOlMW06 due to shallow screen placement) was then installed 

above the sand pack and allowed to hydrate in accordance with the manufacturer’s recommendations. 
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The depths of construction materials were constantly monitored during the installation of the monitoring 

wells by using a weighted, stainless steel or plastic tape to make sure that no bridging of the sand pack or 

bentonite seal occurred during the installation process. Grout was then poured into the remaining borehole 

annulus to approximately 2 feet bgs, except for the four temporary wells in which bentonite chips were 

poured into the borehole to the ground surface. 

After the grout had hardened, a flush-mounted protective steel casing equipped with a sealed, bolted 

down, and appropriately labeled cap was installed at the 10 permanent wells located at Site 1. Each flush- 

mount riser was secured with a locking J-plug. Flush-mounted covers were installed in accordance with 

the Illinois Department of Public Health Water Well Construction Code requirements. Each monitoring 

well was fitted with a 6-inch-diameter by 10 inch long steel protective casing. The annulus between the 

flush-mounted cover and the ground was filled with concrete.’ The &inch-diameter auger hole served as 

the outer form for the concrete. The soil cuttings from each monitoring well were collected in 55gallon 

drums and labeled as IDW. The composite sample collected from the direct-push technique borings was 

used to characterize this waste for appropriate disposal. 

Environmental Field Services, a licensed Illinois driller, installed the 14 monitoring wells at the site. A 

TtNUS geologist supervised the drilling and well installation activities, prepared the drilling logs and well 

completion logs, and reviewed the field documentation. A TtNUS licensed Professional Geologist 

reviewed the drilling logs, well completion logs, and field documentation. Boring logs and well construction 

diagrams are provided in Appendix A.2 and A.3, respectively. Well permit records are provided in 

Appendix A.4. 

3.2.4 Monitorinq Well Development 

After the 14 monitoring wells were installed, they were developed to remove fine materials (i.e., sands, 

silts, and clays) from the sand pack and the immediate area around the screened interval of the wells. 

The monitoring wells were developed no sooner than 24 hours after well completion to allow for 

settling/curing of the grout. Wells were developed by pumping using a whale pump (a high-rate 

submersible pump). During pumping, the well screens were periodically surged and the saturated screen 

interval was swept to remove the fine materials. For the permanent wells, the pH, temperature, turbidity, 

and specific conductance of the purged water were measured every 5 to 10 minutes during pumping or at 

the discretion of the field geologist. The purge water was containerized in 55-gallon drums and labeled as 

IDW. 
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The wells were considered developed after the readings stabilized based on the following criteria: 

l pH +O.l standard unit 

l Temperature -+3”C 

l Turbidity less than 10 nephelometric turbidity units 

l Specific conductivity &3 percent 

Well development continued until the parameters stabilized or a minimum of five well volumes were 

removed. Wells that ran dry were allowed to recharge while the rate of recovery was monitored. After the 

well had substantial recovery, the well was again pumped until it ran dry. This process was repeated until 

the purge water became visually clean. Measurements from monitoring well development were recorded 

and are included in Appendix A.5 

3.2.5 Groundwater Level Measurements 

Three rounds of synoptic water level measurement were collected at the site to determine static 

potentiometric water surface elevations for shallow groundwater. One round of synoptic water-level 

measurement was collected from the four temporary monitoring wells at Site 1 on December 19, 2006, 

before groundwater sampling occurred. The second round was collected on March 8, 2007, during 

installation of permanent monitoring wells and before abandonment of temporary wells. The third round 

was collected on March 13, 2007, after the abandonment of the temporary wells. A summary of water 

level measurements is provided in Table 3-3. 

The synoptic measurements were collected within a l-hour period of consistent weather conditions to 

minimize atmospheric/precipitation effects on groundwater levels. Measurements were collected with an 

electrical water level indicator (M-scope or equivalent) using the top of the well casing (i.e., riser pipe) as 

the reference point for determining the depth to water. Water level measurements were collected from a 

notch made at the top of each casing to make sure that rounds of synoptic measurements are collected 

from a consistent point. Water level measurements were recorded to the nearest 0.01 foot on a 

groundwater level measurement form included in Appendix A.6. 

3.2.6 Groundwater Samplinq 

Groundwater sampling of temporary wells at Site 1 occurred on December 19, 2006 to determine which 

constituents may be present in landfill leachate. Groundwater sampling of permanent wells at Site 1 

XXXXXX/P 3-5 CT0 0013 



Naval Station Lakes 
Site 1 RVRA 
Section: 3.0 
Revision: 0 

Date: July 2007 
Page: 6 of 15 

occurred on March 11 and 12, 2007 to determine if contaminants are migrating off site. Table 3-2 

provides a summary of the groundwater samples collected. 

The monitoring wells were purged and sampled using standard purging techniques (low flow) in 

accordance with the Quality Assurance Project Plan Appendix V, SOP CT0 154-6 (TtNUS, February 

2007). Using a peristaltic pump and disposable polyethylene tubing, one to three screen casing volumes 

were purged from the well. Prior to purging, the intake of the sampling pump was placed at the 

approximate midpoint of the well screen or at least 3 feet up from the bottom of the well. If the water table 

was below the top of the well screen, the pump intake was placed at the middle of the water column and 

at least 2 feet from the bottom of the well. 

At the start of purging, pumping was conducted at a low rate to minimize drawdown. The pumping rate 

was adjusted so the drawdown did not exceed 0.3 foot during purging. Water quality parameters (pH, 

temperature, specific conductance, turbidity, and dissolved oxygen) were measured and recorded at 5- to 

lo-minute intervals (Appendix A.7). Measurements were collected until the parameters stabilized for at 

least three consecutive readings and the minimum purge volume (one screen volume) was removed. 

Stabilization of the above parameters was defined as follows: 

l pH &O. 1 standard unit 

l Temperature Ifr3 “C 

l Turbidity less than 10 nephelometric turbidity units 

l Specific conductance f3 percent 

l Dissolved oxygen 510% 

If the turbidity remained greater than 10 nephelometric turbidity units but the other field parameters 

stabilized, a filtered metal sample was collected in addition to the unfiltered metal sample. This occurred 

at NTCOlMW03 and NTCOlMW06. Purge water was containerized in 55-gallon drums and labeled as 

IDW. 

After the parameters stabilized and immediately prior to sampling, the temperature, pH, specific 

conductance, turbidity, and dissolved oxygen of the groundwater sample were measured and recorded on 

a Groundwater Sample Log Sheet. The sample containers were filled by allowing the pump discharge to 

flow with minimal turbulence down the inside of the container. For the collection of filtered samples, an in- 

line 0.45-micron, disposable particulate filter was used. Groundwater Sample Log Sheets are provided in 

Appendix A.7. The results of the groundwater sample analysis are presented in Section 4. 
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3.2.7 Aquifer Testinq 

Thirteen slug tests were performed in seven permanent monitoring wells to determine the hydraulic 

characteristics of the formation in the immediate vicinity of these monitoring wells. Prior to performing 

each slug test, the static water level was recorded along with the well construction details on a Hydraulic 

Conductivity Testing Data Sheet (see Appendix B.l). Both rising-head and falling-head tests were 

performed by inserting a solid plastic slug into the well to raise the water level and then recording the rate 

of decline in water level (falling-head test) in wells where the static water-level was above the top of 

screen. Water level and time data were collected until the static water level returned to equilibrium. The 

solid slug was then removed and the rate of rise in the water level back to equilibrium (rising-head test) 

was measured. The changes in water levels were induced as quickly as possible because slug test data 

analysis methods assume an instantaneous change in head. Falling-head tests were not performed for 

wells where the water level was within the screened interval (i.e., below the top of the well screen). Wells 

that were slug tested were developed prior to slug testing to obtain accurate results. 

Slug test data [water levels (in feet of head) and time] were collected using a Mini Troll data logger with a 

pressure transducer and manually checked using an electronic water level indicator (M-scope). ‘The Mini 

Troll was programmed to record measurements on a logarithmic time scale to facilitate data graphing and 

presentation. 

Slug test data were used to calculate values of horizontal hydraulic conductivity for the aquifer in the 

immediate vicinity of the well. The data were analyzed using the Bouwer-Rice Method (Bouwer a,nd Rice, 

1976) in the Windows-based program AQTESOLV. Slug test calculations are provided in Appendix B.2. 

Slug test results are discussed in Section 3.5.3. 

3.2.8 Surface Water Samplinq 

Surface water sampling was performed at Site 1 from December 17 to 19, 2006, to define the nature and 

extent of surface water contamination in Skokie Ditch, to determine if contaminants are migrating off site, 

and to evaluate risk. Surface water samples were collected from five locations and analyzed for the 

parameters listed in Table 3-2. Figure 3-3 shows the surface water sample locations. 

The surface water samples were collected in accordance with the Quality Assurance Project Plan (‘TtNUS, 

February 2007). Sampling started downstream and proceeded to the farthest upstream location. Before 

collecting each water sample, water quality parameter data were collected using a Horiba U-22. The 

following parameters were recorded and documented on Surface Water Sample Log Sheets: 
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l pH (standard unit) 

l Temperature (“C) 

l Turbidity (nephelometric turbidity units) 

l Specific Conductivity (percent) 

l Dissolved Oxygen [milligrams per liter (mg/L)J 

0 Salinity (%) 

l Oxidation-reduction potential (millivolts) 

Surface water samples were analyzed for VOCs, PAHs, metals, cyanide, TOC and pH. Samples for VOC 

analysis were collected first by filling the bottles directly from the stream. Bottles for the remaining 

parameters were then collected. The information collected during sampling was recorded on Surface 

Water Sample Log Sheets provided in Appendix A.8. 

The surface water samples were placed on ice in coolers immediately after collection and shipped to 

Severn Trent Laboratory in Pittsburgh, Pennsylvania, for chemical analysis (see Section 3.2.10 for 

additional information on sample handling, packaging, and shipping procedures). The results of the 

surface water sample analysis are presented in Section 4. 

3.2.9 Sediment Sampling 

Sediment samples for Site 1 were collected from locations along Skokie Ditch (Figure 3-3). The samples 

were collected using clean 2-inch-diameter sampling tubes and analyzed for the parameters outlined in 

Table 3-2. Surface sediment samples (0 to 4 centimeters bgs) were collected at each location for the 

HHRA and ERA and subsurface sediment samples (at 1 foot bgs) were collected at each location for the 

HHRA. 

Upon retrieval, each sediment sample was screened for the presence of VOCs with a photo-ionization 

detector and then visually classified for lithology, soil moisture, and other pertinent observations. Copies of 

Sediment Sample Log Sheets are provided in Appendix A.9. 

Immediately after collectiori, the sediment samples were placed in sample jars then placed on ice in 

coolers and shipped to Severn Trent Laboratory in Pittsburgh, Pennsylvania, for chemical analysis (see 

Section 3.2.10 for additional information on sample handling, packaging, and shipping procedures). The 

results of the sediment sample analysis are presented in Section 4. 
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3.2.10 Sample Handlinq, Packaqinq, and Shippinq 

This section of the RI identifies the general procedures for storing and transferring collected samples. 

3.2.10.1 Sampling Handling 

The following subsections describe the precautions taken to make sure that sample integrity was 

maintained throughout the sample collection and shipping processes. Each sample was divided among 

several containers. Each container of a particular sample was specific to the analysis of one or more 

analyte groups (fractions). Sample collection followed a logical sequence to make sure that the more 

volatile components of samples were not lost or that losses were minimized during sample handling. For 

example, samples for VOCs were collected first and containerized immediately after collection to prevent 

or minimize losses from volatilization. Samples for VOC analyses were also handled in a way that 

minimized agitation or disturbance, again to prevent loss of VOCs. Aqueous VOC samples did not have 

air bubbles in them after containerization (no head space). In general, sample fractions were 

containerized in the following sequence: 

. vocs 

l SVOCs, polynuclear aromatic hydrocarbons (PAHs), pesticides/PCBs, herbicides, dioxins/furans, 

metals, etc. 

l Other environmental parameters such as TOC, grain size, percent solids, etc. 

. Field parameters 

Sample nomenclature was governed by the Quality Assurance Project Plan (TtNUS, February 2007). 

Samples were shipped in coolers via air courier (e.g. Federal Express) to Severn Trent Laboratory in 

Pittsburgh, Pennsylvania. Samples were associated into sample delivery groups (SDGs) of up to 

20 samples. An SDG is compiled in the chronological sequence in which the samples were received at 

the laboratory over a period of up to 14 days. Additional details concerning various aspects of sample 

handling are provided below. 

3.2.10.2 Sample Preservation 

Preservation requirements for samples for each of the analytes of interest were provided in Table B-i 1 of 

the Quality Assurance Project Plan (TtNUS, February 2007). Sample bottles for aqueous samples 

contained the proper amounts and types of preservatives prior to being shipped to Naval Station Great 

Lakes. The samples were promptly chilled with ice to 4 -+ 2°C and packaged in an insulated cooler. Each 
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cooler included a temperature blank. The samples and ice were sealed in heavy-duty plastic bags to 

prevent water leakage. 

3.2.10.3 Sample Labeling 

Sample labels were printed in real time during sample collection. Before samples were packaged, the 

sample labels were checked to make sure that the information on the label was complete and correct. 

This information was also checked against the information on the sample collection log sheet and the 

chain-of-custody form. 

3.2.10.4 Sample Packaging 

Each sample container was placed in a zip-lock bag to prevent cross-contamination or leakage. The zip- 

lock bag was then placed in a bubble-wrap sleeve to protect it from breakage. Only shipping containers 

that met minimum packaging requirements of 49 Code of Federal Regulations 174 for safe shipment were 

used. Ice was then placed around and between the samples in sufficient quantity to chill the samples to 4 

+ 2 “C during transport to the analytical laboratory. 

The completed field chain-of-custody form was signed, placed in a sealed plastic envelope, and taped to 

the top inside cover of the shipping container. Appendix A.10 includes copies of the completed chain-of- 

custody forms. The Field Operations Leader was responsible for completion of the following forms: 

l Sample labels 

l Chain-of-custody forms 

l Custody seals for coolers 

l Shipping labels for coolers 

. Express mail air bills 

3.2.10.5 Sample Shipping 

Shipping containers (i.e., coolers) were sealed with nylon strapping tape, and custody seals were signed, 

dated, and affixed in a manner that would allow the receiver to identify tampering that may have occurred 

during transport to the laboratory. 
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Shipments were made by Federal Express following completion of sample collection. Copies of the air 

bills were retained by the Field Operations Leader for tracking purposes, if needed, and for 

communications with the laboratory. 

3.2.11 Survevinq 

The soil boring locations at Site 1 were surveyed for horizontal control by TtNUS personal utilizing a sub- 

meter Global Positioning System (GPS) unit with real-time fixed-station corrections. Accuracies were 

approximately 6 inches or less. The monitoring wells at Site 1 were surveyed for horizontal and vertical 

control by James Anderson Company (Illinois licensed) in accordance with the Quality Assurance Project 

Plan (TtNUS, February 2007). Monitoring well locations were surveyed horizontally to the nearest 0.10 

foot. The top of the riser (where notched) and the ground surface elevation adjacent to the protective 

cover at each monitoring well location were surveyed to within O.Ol-foot vertical accuracy. The northing 

and easting coordinates are referenced to the Illinois State Plane Coordinate System, North American 

Datum 1988. 

3.2.12 Investiqation-Derived Waste 

During the RI field activities, decontamination water, development water, purge water, and soil cuttings 

(below the observed ash layer) were containerized in %-gallon drums and stored on site. Other IDW such 

as trowels, paper towels, etc. were double-bagged and placed in Naval Station Great Lakes trash 

receptacles (dumpsters). Following the investigation, composite soil and water samples were submitted 

for laboratory testing to characterize the waste for appropriate disposal via Toxicity Characteristic 

Leaching Procedure (TCLP) analysis. Completed Waste Profiles were signed and are provided in 

Appendix E. The IDW was handled in accordance with the Quality Assurance Project Plan I(TtNUS, 

February 2007). The drums were picked up, transported, and disposed by American Waste Processing 

of Maywood, Illinois; a Naval Station Great Lakes approved transportation and disposal company. 

3.2.13 Well Abandonment 

Abandonment of temporary monitoring wells NTCOlTWOl to NTCOlTW03 occurred on March 10, 2007, 

and abandonment of NTCOlTW04 occurred on March 13, 2007. Environmental Field Services, a licensed 

Illinois driller, performed the well abandonment according to Illinois State regulations and provided water 

well sealing forms, provided in Appendix A.1 1. Each polyvinyl chloride riser was cut at approximately 2 

feet bgs, the wells were sanitized with bleach, then backfilled with bentonite chips and hydrated per the 

manufacturer’s recommendations. Surface conditions were matched to the surrounding area. 
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3.3 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

TtNUS established a quality control (QC) program to monitor and assess the quality of field work and 

laboratory work performed during environmental investigation. This program included various types of QC 

samples as indicated below. The field quality control samples consisted of field duplicates, trip blanks, 

equipment rinsate blanks, and temperature blanks. Temperature blanks were included in each cooler 

submitted to the laboratory to monitor sample storage conditions prior to arrival at the laboratory. Each 

type of field QC sample had the same preservation, analysis, and reporting procedures as the related 

environmental samples with the exception of temperature blanks. The log sheets for the quality 

assurance/quality control (QA/QC) samples are included in Appendix A.12. Laboratory QC samples 

consisted of laboratory control samples, laboratory duplicates, internal standards, laboratory method 

blanks, matrix spikes, matrix spike duplicates, post digestion spikes, and surrogates. Severn Trent 

Laboratory conducted the laboratory QC in accordance with the Quality Assurance Project Plan (TtNUS, 

February 2007). TtNUS reviewed the laboratory quality control during the data validation and 

noncompliances were noted in the data validation memoranda in Appendix C. 

3.4 SITE-SPECIFIC GEOLOGY 

Geologic conditions at Site 1 were characterized as part of the RI. Surface and subsurface materials at 

Site 1 were characterized based on acetate liner samples collected during the drilling of soil and well 

borings during the TtNUS field investigation. The visual classifications were utilized to develop geologic 

cross-sections for the site. Figure 3-presents the locations of the geologic cross sections and based on 

select borings across Site 1, Figures 3-5 to 3-8 show cross-sectional transects A-A’, B-B’, C-C’ and D-D’, 

respectively, that were developed from the soil boring data collected. 

The shallow subsurface lithology of Site 1 to a depth of 40 feet consists predominantly of brown silty clay 

grading to blue-gray clay with infrequent sand and gravel layers. Along the western portion of the site 

(nearly the entire north-south-trending western boundary and up to 400 feet along the northern boundary), 

a thin layer of ash/burn material was observed. The ash/burn material is composed of black sands, metal 

fragments, and coke-like by-products (cinders, manganese nodules ranging from 0.5 to 4 millimeters in 

diameter and low-density and highly porous rock fragments). The thickness of the ash/burn layer varied 

significantly from boring to boring but is generally less than 0.5 foot thick and interbedded with silty clay. A 

maximum ash/burn layer thickness of 10.7 feet was observed at NTCOlSB004. Landfill waste was 

observed in the interior western portion of the site (soil borings NTCOl SB088 to NTCOl SBIOO). Landfill 

waste was markedly different than ash/burn material, being composed of black sands intermixed with 

significant metal, plastic, glass, and wood. No coke-like burned by-products were observed in the landfill 
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waste. At NTCOlSB099 the observed lithology indicates that multiple filling activities followed by burning 

and subsequent covering occurred due to the presence of four distinct waste layers interbedded with silty 

clay. 

Laboratory sieve analysis of composite samples from these deposits (Table 3-4) indicates that the Unified 

Soil Classification System description of these soils ranges from ML (sandy silt) to CL (silty clay). 

3.5 SITE-SPECIFIC HYDROGEOLOGY 

The hydrogeologic conditions at Site 1 were interpreted from data collected during the subsurface 

investigation activities at the site, including ‘drilling, groundwater sampling, groundwater level 

measurements, and aquifer testing. 

3.5.1 Hvdroqeoloqic Framework 

The shallow water table aquifer was characterized at Site 1. A deeper (confined) aquifer is most likely 

present (based on previous studies at this site and adjacent areas) but was not part of this investigation. 

The shallow aquifer ranges from 0.5 to 40 feet bgs and is composed primarily of unconsolidated silty clays 

to clays and minor silts with discontinuous sand and gravel lenses interspersed throughout (see Figures 3- 

5 to 3-8). In general, the water table within these heterogeneous deposits is shallow and was typically 

encountered at a depths ranging from 1 to 17 feet bgs at the site. Groundwater can be expected to 

migrate laterally through the more permeable materials present with the silty clays and clays. At many soil 

boring locations, even locations reaching 40 feet bgs, no water was encountered even when sand and 

gravel lenses were encountered. Additionally, many soil borings did not contain sand and gravel lenses 

and were subsequently dry. Therefore, the shallow water table aquifer is assumed to be discontinuous 

across the site. Groundwater is also expected to migrate vertically into the deep aquifer. 

3.5.2 Groundwater Flow Directions 

Groundwater flow directions for the shallow water table aquifer were determined based on the synoptic 

water level measurements collected on March 13, 2007 (see Table 3-3). Water elevations for the four 

temporary wells were based on water level measurements collected on March 8, 2007. Groundwater 

elevations were determined based on these depths to water measurements, then posted on site maps 

and evaluated. Figure 3-9 presents the groundwater potentiometric surface for the shallow water table 

aquifer at the site. 
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As seen in Figure 3-9, shallow groundwater flows towards Skokie Ditch, which trends north-south in the 

western portion of the site. Groundwater dominantly flows from the north, west, and east toward the 

Skokie Ditch. 

3.5.3 Aquifer Tests 

Rising-head and falling-head slug tests were conducted in seven monitoring wells across the site as 

described in Section 3.2.7. These slug tests were performed to generate estimates of horizontal hydraulic 

conductivity in the immediate vicinity of the wells. Slug tests were performed in monitoring wells screened 

in different lithologies and vertical zones representative of the unique site conditions encountered. The 

results of the test evaluations are presented in Table 3-5. 

Slug tests were performed at NTCOl MWOl , NTCOl MW02, NTCOl MW04, NTCOl MW05, NTCOl MW07, 

NTCOl MW08, and NTCOi MW IO. The falling-head test at NTCOl MW04 did not yield usable data (due to 

well recovery occurring while the slug test was being performed). 

Good agreement between the results of the falling- and rising-head tests was observed in wells exhibiting 

calculated hydraulic conductivity values greater than 1 foot per day. In wells where calculated hydraulic 

conductivities were less than 1 foot per day (NTCOlMW05 and NTCOlMW08), the results showed less 

agreement, especially in NTCOl MW08. The reason for the larger discrepancies is unknown. Horizontal 

hydraulic conductivity values ranged from 0.05 foot per day (1.73 x 10e5 centimenters per second) in 

NTCOl MW08 to 5.13 feet per day (1.81 x 1 Oe3 centimenters per second) in NTCOl MW 10. The geometric 

mean of horizontal hydraulic conductivity was calculated to be 1.04 feet per day (3.68 x 1 O‘4 centimenters 

per second). These values are within the typical range for silty clays, clays, and sand and gravel lenses 

within these formations (Fetter, 1980 and Freeze and Cherry, 1979). 

3.5.4 Groundwater Miqration Velocities 

The hydraulic gradient for the shallow groundwater at the site was calculated graphically from groundwater 

elevations found on Figure 3-9, based on the groundwater flow paths presented. 

The horizontal hydraulic gradient ranged from a high of approximately 0.0152 along flow path number 1; 

0.021 along flow path number 2 and 0.0083 along flow path number 3. Using an average porosity of 

0.35 for the gravelly clay/silty clay (Freeze and Cherry, 1979) and the site-wide geometric mean hydraulic 

conductivity of 1.04 feet per day, the groundwater velocity was approximated for each groundwater flow 

path at the site. The groundwater velocities determined were 0.045 feet per day (16.5 feet per year), 
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0.062 feet per day (22.8 feet per year), and 0.025 feet/day (9 feet per year) for flow paths 1, 2 and 3, 

respectively. Care must be taken when interpreting these results, however because significant 

groundwater flow potential is likely limited to the sand and gravel lenses. There is no evidence from the 

boring logs (and Figures 3-4 to 3-8) that any of these lenses are laterally extensive. Large-scale, site-wide 

transport of potential contaminants in the shallow aquifer is not likely to be occurring. 
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TABLE 3-l 

SAMPLING RATIONALE 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

I Sample Location I Sampling Rationale I 

Subsurface Soil 
, 

I NTCOlSBOOl to NTCOlSB087 
I 

Visual observations to determine the extent of landfill waste along the perimeter of the 
Willow Glen Golf Course. 

NTCOl SB088 to NTCOl SB103 
Visual observations and samples collected to determine the extent of landfill waste 

along proposed sewer routes and to support human health risk assessment. 

NTCOl SB059, NTCOl SB068, Visual observations and samples collected to determine the vertical extent of landfill 

NTCOl SB076 and NTCOl SB087 waste along the western perimeter of the Willow Glen Golf Course. 

Sediment 

NTCOl SD01 00, NTCOI SD01 01 to 
Samples collected from Skokie Ditch to determine potential impacts of landfill waste to 

NTCOl SD0500, NTCOl SD0501 
surface water and sediment and to support human health and ecological risk 

assessments. 

Surface Water 

NTCOl SW01 00 to NTCOl SW0500 
Samples collected from Skokie Ditch to determine potential impacts of landfill waste to 

surface water and to support human health and ecological risk assessments. 

Groundwater (Leachate) 

NTCOl TWO1 to NTCOl TWO4 
Samples collected from inside the landfill to determine potential impacts of landfill 

waste to shallow groundwater and to support human health risk assessment. 

Groundwater (Perimeter Wells) 

NTCOI MWOl to NTCOl MWlO 
Samples collected to determine potential impacts of landfill waste to shallow 

groundwater on the landfill permieter and to support human health risk assessment. 

- 



TABLE 3-2 

SAMPLING SUMMARY 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 2 

Sample Name 
Depth (feet 

Visual (and PID) TCL VOCs TCL PAHs TAL Metals Secondary 
bw) 

TOC and pH 
Radiological 

and Cyanide Parameters”’ 
Grain Size 

Screening”’ 
Field Parameterso’ 

SURFACE/SUBSURFACE SOIL 

NTCOlSBOOl to 
NTCOlSB087 

0 _ 40 X X 

SUBSURFACE SOIL 

NTCOlSWOlOO NA X X X X X 
NTCOiSWOZOO NA X X X X X 
NTCOl SW0300 NA X X X X X 
NTCOl SW0400 NA X X X X X 
NTCOlSW0500 NA X X X X X 

_ 



TABLE 3-2 

SAMPLING SUMMARY 
SITE I- GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 2 OF 2 

Sample Name 
Depth (feet Radiological 

TCL VOCs TCL PAHs 
TAL Metals Secondary 

TOC and pH Grain Size Field Parameters”’ 
bs) 

Visual (and PID) and Cyanide Parameters”’ Screening”’ 

1 Secondary parameters include dioxins/furans, TCL semivolatile organic compounds, polychlorinated biphenyls, organochlorine pesticides, and herbicides 
2 Screening conducted with a Ludlum Model 2241 with a 44-10 (2X2) Nal detector, Ludlum Model 12 with a 44-9 probe and Ludlum 2929 with 43-10-I. 
3 Field parameters include temperature, pH, specific conductance, turbidity, oxidation-reduction potential, and dissolved oxygen. 

Notes: 
bgs - below ground surface 
TCL - Target Compound List 
VOCs - Volatile organic compounds 
PAHs - Polynuclear aromatic hydrocarbons 
TAL - Target Analyte List 
TOC - Total organic carbon 

SEf - Soil boring 
SD - Sediment sample 
SW - Surface water sample 
TW - Groundwater sample collected from temporary well 
MW - Groundwater sample collected from permanent monitoring well 
NA - Not applicable 



TABLE 3-3 

SUMMARY OF MONITORING WELL CONSTRUCTION AND WATER LEVEL DATA 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

I l-n&-. Ai \A,...,, ra^a^- -1 I Screened Interval I lzi9/2006 I 3/8/2007 I 3/l 3/200? 1 I Ground Surface .- -I ..- -,- -- .--.. , -......... . . . t --.--... v* -- I -. .-.--_. 
Well ID Elevation Casing Elevation Boring Top Bottom Depth to Water L -eve1 (feet 

Depth to 

yzz’ ’ 1 
___ -I 
Water 

Water Level (feet 
Depth to 

(feet above msl) (feet above msl) (feet bgs) (feet bgs) (feet bgs) above msl1 \ 1 above n 1sl) 
Water 

Water Level (feet 

NTCOlTWOl 
above msl) 

694.63 696.05 
I (feet) l 

,3q E 44 n 
(feet) 

.,_--_-..,-- , LL.J , I I.” n4 n 1,. ^^ 

1 20.6 1 
1 LI.U I lb.Yb 1 

^_ 
b/9.09 1 16.96 1 679.09 

4.0 .I 
NA NA 

I 
15.98 1 680.11 1 NA NA a, , -- I - \ 

NIC;Ul IWO;! 692.98 696.09 
NTCOlTW03 693.82 696.25 
NT01 TWn4 cot AA Eno 4n 

24.4 16.90 1 679.35 1 16.93 1 679.32 I 1 I 

I IV.7, 

NTCOl MW04 696.27 
NTCOl MW05 689.67 “VY.U, 
NTCOI MW06 RRR Qi Q!a? 79 

“Y”.?” m70. I Y 18.7 
693.60 693.05 24.0 
710.70 710.52 

7iQ d, 718.13 

695.98 27.0 1 
CQO 97 ^_ _ 

z4.u 

38.0 

20.0 

---.-, “Y”. I L 

NTCOlMW07 681.96 681.82 
NTCOl MW08 689.35 689.20 
NTCOlMWno co9 37 cnn . . 

39.0 1 29.0 39.0 NA NA 
1 

16.15 695.95 1: 
23.0 13.0 23.0 NA NA 5.05 ’ 715.76 1.32 

17.0 27.0 NA NA NA NA 4.47 691.51 

1 4.0 14.0 NA NA 4.61 686.81 2.42 
n 4.5 ) 1L 

686.95 
1.5 NA NA NA NA 

1 
7.94 675.78 

28.0 38.0 1 NA 1 NA 20.08 664.43 17.19 -^ I 664.63 
f.U 1 17.0 1 NA ( NA NA NA 3.54 685.66 _^ .- _ 

I “a1.4, I OJL. I , 20.0 
691.67 691.44 21 .o 

17.93 1 680.26 
8.32 1 684.68 

~~ 1 716.81 

/.U I 17.0 I NA ) NA 
11.0 1 21.0 ] NA 1 

I 
NA 

NA ) NA I 7.56 ) 684.55 
7.50 1 688.27 2.41 1 689.03 

bgs: Below ground surface. 
msl: Mean sea level. 

Prior to installation of monitoring wells, exploratory direct push technology boring performed to determine well depth and screen position. 
1 Ground surface used to estimate water level elevation for monitoring wells. 
NA - Not available. 
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“\ .TABLE 3-4 

SUMMARY OF SIEVE ANALYSIS RESULTS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Fraction t NTCO’SBO9008’2 f NTCOlSBO950910 t NTCOlSB0991012 1 NTCOlSB1020408 1 NTCOlSB2050414 [ NTCOlSB2072838 1 NTCOlSB2090717 1 NTCOlSDOlOO j NTCOlSDO201 I NTCOlSDO500 1 

CLAY 49.6 49.7 14.2 50.8 GRAVEL 12.2 14 14.2 4 50.8 
2.1 

12.2 14 
19.1 0.4 SAND t7.2 6.9 19.1 

10.3 
0.4 

16.7 
17.2 

52.5 
6.9 

\ 11.6 SILT 58.3 65.8 52.5 il.6 58.3 65.8 
.~ 36 31.5 14.1 37.2 SIEVE 1” 12.3 13.4 14.1 

100 
37.2 

100 
12.3 

100 
13.4 

100 
SIEVE l-1/2” 100 100 

100 
100 100 

100 
100 

100 
100 

100 StEVE 2” 100 100 
100 

100 100 
100 

100 
100 

100 
100 StEVE 3” 100 100 

100 
100 100 

100 
100 ioo 

100 
SIEVE 314” 100 100 100 

100 
100 

I 
100 

100 
100 

100 
100 

100 SIEVE 3/8” 100 100 
100 

100 100 
100 

100 
90.2 

100 

NO. 4 SIEVE 100 94.5 95.6 
96 

90.2 100 
97.9 

94.5 
80.9 

95.6 
99.6 NO. 10 SIEVE 82.8 93.1 80.9 

94 
99.6 

95.7 
82.8 93.1 

73.5 97.7 NO. 20 SIEVE 69.7 91.5 
91.9 

73.5 97.7 
93.5 

69.7 
64.7 

91.5 
95.3 NO. 40 SIEVE 58.8 88 64.7 

90.1 
95.3 

91.6 
58.8 88 

54.6 93.3 NO. 60 SIEVE 49.6 77.2 
87.8 

54.6 93.3 
88.5 

49.6 
43.1 

77.2 
90.5 NO. 80 SIEVE 38.6 54.5 43.1 

85.9 
90.5 

85.8 
38.6 

36.3 
54.5 

88.4 NO. 100 SIEVE 31.8 40.2 36.3 
85.6 

88.4 31.8 
85.1 

40.2 
35.5 87.9 NO. 200 SIEVE 31.2 36.6 35.5 

85.6 
87.9 

81.2 
31.2 

28.4 
36.6 

87.9 24.5 27.3 28.4 87.9 24.5 27.3 

” ‘\, 
\ ,I 

USCS SilMBOL 
USCS CLASSIFICATION 

I CL I CL I SC CL SM/SC SM 
Silty clay 

I I 
Silty clay 1 Clayey sand 1 

t 
I Silty/clayey sand 1 

I SC CL SMISC 
Silty clay 

I I I SM 
Silty sand Clayey sand Silty clay I Silty/clayey sand 1 Silty sand 

i 



TABLE 3-5 

SUMMARY OF AQUIFER TEST RESULTS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Saturated 
‘een 
. . I#.\ Thickness (cmEec) Average K (cm/set) 

1 NTCOlMW02 14 @G--l 10 I 24.99 
t Hrsrrlg-head 

NTCOl MW04 1 Rising-head 10 6.98 
r II. 

1 
8~ ~8 

8.Slz-4 

6.9E-5 6.9E-5 
. -7r 1 

1 NTCOlMW08 I- 
lg-head 
g-head 

10 12.78 
I 

NTCOlMWlO =I 10 1 17.53 
1.8E-3 1 

1.7E-3 - 
4.723 [ 3.3E-3 17E-ll I 

Site Wells K (cmkec) K (ft/day) 
Geometric Mean 3.7E-4 1 .OE+O 
Arithmetic Mean 7.4E-4 2.1 E+O 

Well diameter was 2 inches (0.1667 foot) and wellbore diameter was 8 inches (0.667 foot) for all wells. 
Data analyzed using AQTESOLV for Windows using Bouwer-Rice solution. 
K = Horizontal hydraulic conductivity. 











-\ 
1 

/ 

A 

700 - 

660 - 

650 - 

640 - 

II 

u 38.0 

3PO 

GRDUND SURFACE ElEVAllDN 

DROUND SURFACE 

GRDUNDWATER ELEVAllCM 
(Flm BELDW Tap CR CASING) --‘I - 

I 
WATERTABlE ----+--- 

TDP DF YONITDRED 
INTERVAL (FT BDS) 

LlTHDLoclC CONTACT 
(INFERRED BETKEN BORINGS) 

BDTroM OF MONITORED 
INTERVAL (FT BGS) 

TDTAL DEPTH DF KLL 
M BORING (FT BGS) 

FL’!;;;; CADD ND. SDIV-BMDWG - REV 2 - 6/19/06 

Or0 
HORIZONTAL SCALE IN FEET 

GECLCGKXLCRCSSSECTICNA-A’ 
SlTEl-GcLFccLmELArmFLL 
NAVAL STATDN GREAT LAKES 

GREATw<Es,MNOlS 

i 



I 



< 690 

w 
685 

T 
2 680 

kJ 675 

! 670 

L 665 
k! 
- 660 

is ,= 655 

% 650 
!!I 
w 645 

i 
640 

635 

NTCOl SB087 

T 
SAND & CLAY 

BROWN SILTY 
CLAY, & SANDS 

GRA;;Il-rAyCLAY 
- CLAY & SAND 

705 

700 
2 

695 y 
2 

690 < 

685 # 

2 
680 g 

675 y 

670 z 

665 t; 
k! 

660 - 

5 655 F 

650 5 
Y 

645 w 

640 

L 635 

LEGEND: 
MONllURlNG WEU 

OR BORING NUMBER 

GROUND SURFACE ELEVATlCN 

GROUND SURFACE 

GRCUNDWAlER EL!EVAlloN - 
(FEET BELOW Top DF CASING) 

VERTICAL SCALE IN FEET 

WATERTABLE --+--- 

Top OF MONITORED 
INTERVAL (Fr BGS) II. 0 

LllHoLDGlC CCMTACT 
(INFERRED BETKEN BORINGS) 

% 

GECLCGiCALCFiCSSSECTiCNC-C 
BDTlW OF MONITORED SKlEl-GOLFCOUFtSELAtWFLL 

INTERVAL (FT BGS) 21.0 NAVAL STATION GREAT LAKES 
TOTAL DEPM OF a 

OR BORlNG (FT BGS) 20 j GREATLAKEs,uNols 

M CADD NO. SDIV-BH.DWG - REV 2 - 6/19/06 



i 645 -I L 845 

725 - 

720 - zi 

9 
!A 

715- 

d 710- 

In 705- 
i 
y 700- 

y 695- 

3 690- 

b 685 
If! 
- 680 

g 2 675 

& 670 
d 

665 

680 

855 

650 

I I I I I r-m- /-- I I I idROWN SILTY CLAY 

-7-T- I GR 
& CLAY MINOR SANDY CLAYS) e 

Y SILTY CLAY 

GRAYacSMYyCLAY u 
27.0 

2 Y .o 1 

3P5 

D’ 
-740 

- 735 

- 730 

- 725 

-7720~ 

-715 # 

-710 -I 
i5 

-705 v) 

4 
-700 y 

-695 y 

-690 3 

-685 t? 
L 

-68OV 

5 -675 ,= 

-670 s 
!!i 

-685 w 

- 660 

- 655 

- 650 

MONlTORlNG rmL 
DR BORlNG NUMBER 

GRDUND SURFACE EEVAllDN HORIZONTAL SCALE IN FEET 
GRDUND SURFACE 

(mmE~wE~~~~ 

WATERTABLE -- f-- 
TOP DF MamDRED 
INTERVAL (FT BGS) IT. 0 

LllHoLOGlC CONTACT 
(INFERRED EElKEN BORINGS) 

BDTTW OF MDNlTmED 
INmRVAL (FT BGS) -+ iv. 0 

TOTAL DEPlH ff ELL 
DR BDRING (Fl BGB) 20 

GEOLOGlDALCROSSSE~D-IY 
SITEl-GOLFCOlRSELANFLl. 
NAVAL STATION QEAT LAKES 

GFiEATLAKES#LkHols 





Naval Station Great Lakes 
Site 1 RVRA 
Section: 4.0 
Revision: 0 

Date: July 2007 
Page: 1 of 17 

4.0 NATURE AND EXTENT OF CONTAMINATION 

This section summarizes and evaluates the results of RI sampling and analysis activities as described in 

Sections 3.0. Specifically, this section summarizes the nature and extent of contamination in subsurface 

soil, groundwater, surface water, and sediment samples collected at the locations presented on Figures 

3-1, 3-2, and 3-3. The data quality assessment summary and analytical summary sheets from the 

subcontract laboratory are presented in Appendices C and D, respectively. Ten percent of the data 

packages received from the analytical laboratory were validated; the results of the data validation are 

summarized in the data validation memoranda presented in Appendix C. 

The quality of the chemical analytical data collected during the Site 1 investigation has been documented 

in the data validation memoranda. The analytical data validation process was completed for selected 

laboratory data packages in accordance with the USEPA Region 5 Guidelines for Organic Data Validation 

(USEPA, August 1993) and the USEPA Region 5 Guidelines for Inorganic Data Validation ‘(USEPA, 

September 1993), with consideration given to the USEPA National Functional Guidelines for Organic 

Data Validation (USEPA, October 1999) and the USEPA National Functional Guidelines for Inorganic 

Data Validation (USEPA, February 2004). The parameters were reviewed using applicable sections of 

the aforementioned guidelines and the laboratory SOPS. The data set compiled using these guidelines is 

considered acceptable for use in this RI. 

Contaminant sources at Site 1 are discussed in Section 4.1. The nature and extent of contamination in 

environmental media (subsurface soil, groundwater, surface water, surface sediment, and subsurface 

sediment) are discussed and compared to regulatory criteria (Illinois EPA TACO, etc.), where available, in 

Sections 4.2, 4.3, 4.4, 4.5, and 4.6, respectively. ‘The tables referenced in Sections 4.2 to 4.6 include 

calculation of benzo(a)pyrene (BaP) Equilvalent, BaP Equivalent Zerond, total PAHs ECO, TEQ Bird, 

TEQ Fish, TEQ Mammal, Total HPCDD, Total HPCDF, Total HXCDD, Total PECDD, Total PECDF, Total 

TCDD, and Total TCDF. These parameters are used as part of the HHRA and ERA but are not discussed 

in this section. A summary and conclusions of the nature and extent of contamination at Site 1 are 

presented in Section 4.7. 

The discussion of the nature and extent of contamination at Site 1 is structured according to the RI and 

feasibility study guidance (USEPA, October 1988). Sources of contamination are discussed first and then 

environmental media sampled during the investigation are discussed in the following order: subsurface 

soil, groundwater, surface water, surface sediment, and subsurface sediment. Within each of these 
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media, analytical fractions are discussed as follows: VOCs, SVOCs (if applicable), PAHs, 

pesticides/PCBs, herbicides (if applicable), dioxins/furans (if applicable), and inorganics. 

SOURCES OF CONTAMINATION 

The following presents a brief description of each identified source of potential contamination and 

reported historical releases to the environment at Site 1. Additional details regarding the source areas 

and releases are provided in Section 2.1.2. 

l A landfill was operated between 1942 and 1967 on approximately 50 acres that is now covered by 

Willow Glen Golf Course. The landfill was operated as a trench/burn operation and received an 

estimated 1.5 million tons of material total during its years of operation. Types of waste reportedly 

disposed at the landfill included domestic refuse, sewage sludge, petroleum, oil, and lubricants, 

solvents, coal ash, and materials contaminated by PCBs. 

l When the landfill was closed in 1969, a layer of ash from coal-fired power plants at Naval Station 

Great Lakes was placed over the landfill and topsoil was placed over the ash. - 

l The front nine-hole portion of the golf course was constructed between 1953 and 1955. The Golf 

Course Clubhouse, Building 3312, and the associated parking lot were constructed in 1963. The back 

nine-hole portion of the golf course was initially constructed in 1968 and was reconstructed in 2003. 

l A fire fighting training unit was built next to the landfill (in the middle of the golf course) in 1942 and 

operated until it was taken out of service in 1989. Environmental investigations were conducted to 

determine the nature and extent of contamination at the fire fighting training unit, and environmental 

remediation of the old fire fighting training unit site was conducted to remove underground and above- 

ground storage tanks. 

l As discussed in Section 2, previous investigations at Site 1 detected SVOCs and metals in soil and 

metals in groundwater and surface water. 

4.2 SUBSURFACE SOIL CONTAMINATION ASSESSMENT 

This section discusses the Site 1 subsurface soil data collected for the RI. Sixteen subsurface soil 

samples (plus two duplicate samples) were collected from 16 soil borings, NTCOlSB088 through 

NTCOlSB103 (see Figure 3-l), from depths ranging from 3 to 19 feet bgs. Samples were collected from 
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nine locations along proposed sewer route 1 (NTCOl SB088 through NTCOl SBOSS), from four locations 

along proposed sewer route 2 (NTCOlSB097 through NTCOlSBlOO), and from three locations along 

proposed sewer route 3 (NTCOlSBlOl through NTCOlSB103). The subsurface soil samples were 

analyzed for TCL VOCs, PAHs, TAL metals, and cyanide in accordance with the Quality Assurance 

‘Project Plan (TtNUS, February 2007). In addition, samples were collected from four locations and also 

analyzed for TCL SVOCs, PCBs, and organochlorine pesticides, herbicides, and dioxins/furans. 

Soil analytical results are grouped by fraction and discussed below. The analytical results were used to 

delineate the nature and extent of contamination and to support the HHRA. Table 4-l presents the 

analytical results for the 16 subsurface soil samples collected during the RI. Descriptive statistics (e.g., 

frequencies of detection, ranges detected, locations of maximum detections, etc.) are presented in Table 

4-2. Additionally, the analytical results were compared to the following standards and criteria, and the 

results of these comparisons are shown in Table 4-2 and on Figure 4-l : 

l State of Illinois, TACO Tier 1 Soil Remediation Objectives (SROs) for Residential Receptors 

(Ingestion and Inhalation) and Industrial Receptors (Inhalation) - The TACO Tier 1 SROs are 

risk-based criteria for evaluating chemical concentrations in soil. TACO Tier 1 SROs are available for 

a human receptor hypothetically exposed to chemicals in soil assuming a residential land use 

scenario and assuming that the receptor is exposed as a result of the daily ingestion of a small 

amount of soil. In addition, TACO Tier 1 SROs are available for a human receptor hypothetically 

exposed to chemicals in soil assuming residential and industrial land use scenarios and assuming 

that the receptor was exposed as a result of the daily inhalation of volatile organic vapors. 

l State of Illinois, TACO Tier 1 Soil-to-Groundwater Soil Screening Levels (SSLs) for the 

Migration of Chemicals from Soil to Groundwater Assuming a Dilution Attenuation Factor 

(DAF) of 20 - Illinois EPA SSLs for the migration of chemicals from soil to groundwater are used to 

identify chemicals detected in soil at concentrations that may impact groundwater quality. The 

migration-to-groundwater SSLs are calculated using default, residential land use exposure factors, 

infinite source models, and conservative default assumptions for source delineation. Therefore, these 

values are conservative and are designed to be protective of potential exposure at most sites. SSLs 

assuming a DAF of 20 are used as conservative screening values in Section 4 text, tables, and 

figures. 

. USEPA Region 9 PRGs for Residential Receptors - Region 9 PRGs are risk-based concentrations 

derived by USEPA Region 9 for evaluating chemical concentrations in soil. The PRGs were 

calculated for residential receptors that may be hypothetically exposed to and ingest soil containing 
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the chemicals. A PRG for a carcinogenic chemical is set at the one-in-one-million cancer risk level 

(1~10-‘~); a PRG for a non-carcinogenic chemical corresponds to an exposure concentration that will 

not result in adverse, non-carcinogenic health effects [i.e., a hazard index (HI) equal to or less than 

11. The current and anticipated future use of Site 1 is as a golf course. PRGs assuming a residential 

land use are used as conservative screening values in the Section 4 text and tables. 

l USEPA SSLs for the Migration of Chemicals from Soils to Groundwater Assuming a 

Dilution/Attenuation Factor of 1 - USEPA Generic SSLs for the migration of chemicals from soil to 

groundwater are used to identify chemicals detected in soils at concentrations that may impact 

groundwater quality. The migration to groundwater SSLs are calculated using default, residential 

land use exposure factors, infinite source models, and conservative default assumptions for source 

delineation. Therefore, these values are conservative and are designed to be protective of potential 

exposure at most sites. SSLs assuming a dilution and attenuation factor of 1 are used as 

conservative-screening values in the Section 4 text, tables, and figures. 

4.2.1 vocs 

The following three VOCs were detected in the subsurface soil samples collected from Site 1 during the 

RI: 

l 2-Butanone - 3.2 to 12 micrograms per kilogram @g/kg) in 3 of 16 samples 

l Acetone - 6.4 to 59 pg/kg in 2 of 16 samples 

l Methylene chloride - 2.1 to 2.3 pg/kg in 2 of 16 samples 

None of the VOCs were detected at concentrations exceeding Illinois TACO residential criteria or Region 

9 residential PRGs. 

4.2.2 svocs 

27 SVOCs were detected in the four subsurface soil samples analyzed for these parameters including 

PAHs that will be discussed further in Section 4.2.3. None of the non-PAH SVOCs (2-methylphenol, 4- 

methylphenol, dibenzofuran, diethyl phthalate, di-n-butyl phthalate, and phenol) were detected at 

concentrations greater than Illinois TACO residential criteria or Region 9 residential PRGs. 
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Twenty PAHs were detected in subsurface soil samples. Five of the 20 PAHs detected had 

concentrations that were greater than Illinois TACO residential criteria and/or Region 9 residential PRGs. 

These five contaminants, which include benzo(a)anthracene, BaP, benzo(b)fluoranthene, indeno(l,2,3- 

cd)pyrene, and naphthalene, were found at the same sample location (NTCOlSB102). The maximum 

concentrations of the other PAHs were also found primarily at this location, with the exception of 

acenaphthene and acenaphthalene (maximum concentration at NTCOl SB99) and 

dibenzo(a,h)anthracene (maximum concentration at NTCOl SB088). 

4.2.4 Pesticides/PCBs/Herbicides 

Four subsurface soil samples were analyzed for pesticides, PCBs, and herbicides during the Site 1 

investigation, and although low concentrations of these parameters were detected, none were found at 

concentrations in exceedance of Illinois TACO residential criteria or USEPA Region 9 Residential PRGs. 

4,4’-DDD, 4,4’-DDE, and 4,4’-DDT were detected in the four samples collected. 

Other pesticides and PCBs present in at least one sample included aldrin, alpha-BHC, alpha-chlordane, 

Aroclor-1248, Aroclor-1254, Aroclor-1260, delta-BHC, endosulfan I, endosulfan II, endosulfan sulfate, 

endrin ketone, endrin, gamma-BHC, gamma-chlordane, heptachlor epoxide, heptachlor, and 

methoxychlor. 

One herbicide, pentachlorophenol, was also detected in one sample at a concentration of 4.2 pg/kg. This 

concentration is less than the TACO residential criteria and USEPA Region 9 Residential PRG. 

4.2.5 Dioxins/Furans 

Various dioxins and furans were detected in the four samples analyzed. Several of the samples had 

concentrations greater than Region 9 residential PRGs and USEPA Generic SSLs. Sample NTCOl SB090 

had the maximum concentration of dioxins/furans at a depth of 8 to 12 feet bgs. This sample contained 

the burned waste materials. 

4.2.6 lnorqanics 

Two inorganics, lead and silver, were detected at concentrations that exceeded Illinois TACO Tier 1 

residential criteria. Lead was detected in 16 soil samples, with a maximum concentration of 1,410 

milligrams per kilogram (mg/kg) and silver was detected in 11 of 16 soil samples, with a maximum of 709 
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mg/kg. Several inorganics were detected at concentrations that exceeded Region 9 residential PRGs, 

including aluminum, antimony, arsenic, chromium, copper, iron, lead, manganese, thallium, and 

vanadium. 

4.3 GROUNDWATER CONTAMINATION ASSESSMENT 

This section discusses the Site 1 groundwater data collected for the RI. Groundwater samples were 

collected from four temporary monitoring wells along the existing and/or one of the proposed sewer 

routes within the landfill and from 10 permanent monitoring wells installed at the landfill perimeter. The 

Quality Assurance Project Plan (TtNUS, February 2007) specified that the samples be analyzed for TCL 

VOCs, PAHs, TAL metals, and cyanide. In addition, the samples collected from the temporary wells were 

analyzed for the secondary parameters TCL SVOCs, PCBs (at three locations), and organochlorine 

pesticides, and herbicides. The results for SVOCs, PCBs, organochlorine pesticides, and herbicides were 

less than detection limits and the groundwater from the permanent monitoring wells were not analyzed for 

these secondary parameters. Groundwater samples were not analyzed for dioxins or furans, as 

described in the Quality Assurance Project Plan. 

Groundwater analytical results are grouped by fraction and discussed below. The analytical results were 

used to delineate the nature and extent of contamination and to support the HHRA. Table 4-3 presents 

the analytical results for the 14 groundwater samples (plus two duplicate samples) collected during the 

RI. Permanent and temporary monitoring well locations are shown on Figure 3-2. Descriptive statistics 

(e.g., frequencies of detection, ranges detected, locations of maximum detections, etc.) are presented in 

Table 4-4. Additionally, the analytical results were compared to the following standards and criteria, and 

the results of these comparisons are shown in Table 4-4 and on Figure 4-2: 

l State of Illinois, Class I TACO Tier 1 Groundwater Remediation Objectives (GROs) - 

Ingestion - Class I TACO Tier 1 GROs are used to evaluate chemical concentrations in groundwater 

or surface water that may be used as a domestic water supply. 

. USEPA Safe Drinking Water Act Primary Maximum Contaminant Levels (MCLs) - Primary MCLs 

are enforceable standards promulgated under the federal Safe Drinking Water Act and are designed 

for the protection of human health. Primary MCLs are based on laboratory or epidemiological studies 

and apply to public water systems. A public water supply is defined as a system that provides water 

to the public for human consumption and that has at least 15 service connections or regularly serves 

an average of 25 individuals daily at least 60 days per year. Primary MCLs are designed for the 

prevention of human health effects but also reflect the technical feasibility of removing a contaminant. 
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Primary (i.e., health-based) and secondary (i.e., aesthetic-based) MCLs are promulgated under the 

Safe Drinking Water Act. Primary MCLs are referenced in this section. 

. USEPA Region 9 PRGs for Tap water - Region 9 Tap water PRGs are risk-based concentrations 

derived by USEPA Region 9 for evaluating chemicals in groundwater or surface water sources that 

may used as a domestic water supply. A PRG for a carcinogenic chemical is set at the one-in-one- 

million cancer risk level (1 xl Oeo6); a PRG for a non-carcinogenic chemical corresponds to an exposure 

concentration that will not result in adverse, non-carcinogenic health effects (i.e., a HI equal IO or less 

than 1). 

4.3.1 vocs 

The following 10 VOCs were detected in groundwater samples collected from Site 1 during the RI: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

1,2-Dichlorobenzene - 0.27 to 0.27 micrograms per liter @g/L) in 2 of 14 samples 

Acetone - 2.7 to 5 pg/L in 2 of 14 samples’ 

Benzene - 0.26 to 0.44 ug/L in 2 of 14 samples 

Carbon disulfide - 0.33 to 0.42 c(g/L in 2 of 14 samples 

Chlorobenzene - 0.71 to 0.76 pg/L in 2 of 14 samples 

Cyclohexane - 2.1 to 2.3 pg/L in 2 of 14 samples 

Isopropylbenzene - 0.19 to 0.26 ug/L in 2 of 14 samples 

Methyl cyclohexane - 1.7 to 2.3 pg/L in 2 of 14 samples 

Toluene - 0.2 pg/L in 1 of 14 samples 

Total xylenes - 2.7 to 5 pg/L in 2 of 14 samples 

The VOC concentrations were less than Illinois TACO GROs and federal MCLs. VOCs were detected 

only at sampling locations NTCOlTWOl or NTCOlTW02, with the exception of acetone and total xylenes, 

which were detected at low concentrations at locations NTCOlTW04 and NTCOl MW02, respectively. 

This nature and extent section focused on and includes comparisons to Illinois EPA TACO Tier 1 criteria. 

For comparison only, the following briefly compares chemicals of concern to Region 9 tap water PRGs. 

Benzene was the only VOC that exceeded the Region 9 tap water PRG in one sample (NTCOlTW02). 

Benzene was detected at two locations (NTCOlTWOl and NTCOlTW02), with a maximum concentration 

of 0.44 pg/L. The Region 9 tap water PRG exceedance is presented in Table 4-4. 
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Based on the results of RI groundwater sampling, VOC impacted groundwater is confined to the area 

near temporary well locations NTCOlTWOl and NTCOlTW02. 

4.3.2 svocs 

Three SVOCs (benzaldehyde, diethyl phthalate, and naphthalene) were detected at one temporary well 

(NTCOlTWOl). The concentrations detected were less than the reporting limit, and consequently, the 

analytical results were qualified as estimated. SVOC concentrations were less than the criteria presented 

in Table 4-4, with the exception of naphthalene, which was detected in excess of its Region 9 tap water 

PRG. The concentrations of diethyl phthalate and naphthalene did not exceed the TACO groundwater 

criteria. 

4.3.3 PAHs 

Ten PAHs were detected in groundwater at Site 1, and none were detected at concentrations greater 

than the Illinois TACO GROs and federal MCLs. The ten PAHs were detected at location NTCOlTWOl. 

Several PAHs were detected in more than one sample. Phenanthrene was detected in 13 of the 13 

samples collected, at a maximum concentration of 0.043 yg/L. Fluorene was detected in 5 of 13 samples, 

with a maximum concentration of 0.23 ug/L, and pyrene was detected in 3 of 13 samples, with a 

maximum concentration of 0.043 ug/L. 2-Methylnaphthalene was detected in one sample at a maximum 

concentration of 1.5 ug/L, which exceeds its Region 9 tap water PRG. 

4.3.4 Pesticides/PCBs/Herbicides 

No pesticides, PCBs, or herbicides were detected in Site 1 groundwater samples. 

4.3.5 lnorqanics 

The following eight inorganic constituents were detected in RI groundwater samples at concentrations 

exceeding one or more of the screening criteria presented in Table 4-4. 

Parameter 

Aluminum 

Arsenic 

Barium 

Chromium 

Range Detected Region 9 PRG TACO GRO Federal MCL @g/L) 
WL) (w/L) b-w-) 

68.3 - 8,650 3,600 (1) NA NA 

2.4 - 3.3 0.045 (3) 50 (0) 10 (0) 

29.3 - 566 260 (2) 2,000 (0) 2,000 (0) 

0.65 - 14.1 11 (1) 100 (0) 100 (0) 
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Parameter Range Detected Region 9 PRG 
(w/L) (Km 

Iron 106-l 7,600 1,100 (6) 

Lead 1.2-8.4 NA 

Manganese 9.4-5,070 88 (9) 

Vanadium 1.6 - 20.7 3.6 (8) 

NA - Not available. 
The number of exceedances is presented in parentheses. 

TACO GRO 
bJg/L) 

5,000 (2) 

7.5 (1) 

150 (7) 

49 (0) 

Federal MCL &g/L) 

NA 

15 (0) 

NA 

NA 

Iron and lead were both detected at concentrations greater than the Illinois TACO GRO at sample 

location NTCOlTWOl. Iron also exceeded the Illinois TACO criterion at location NTCOl MW03. Several 

inorganics were detected at concentrations greater than the Region 9 PRGs, including aluminum, arsenic, 

barium, chromium, iron, manganese, and vanadium. 

4.4 SURFACE WATER CONTAMINATION ASSESSMENT 

This section discusses the Site 1 surface water data collected for the RI. Surface water samples were 

collected from five locations within Skokie Ditch and manholes to the culverts that contain Skokie Ditch. 

The sample locations are as follows: one from the point where Skokie Ditch flows off the site/under 

Buckley Road (NTCOl SWOl), one near the bend in Skokie Ditch (NTCOl SWO2), one from the origination 

point of Skokie Ditch (NTCOlSW03), and two from manholes north of the golf course (NTCOlSW04 and 

NTCOlSW05), as shown on Figure 3-3. A duplicate sample was collected at location NTCOlSW03. The 

samples were analyzed for TCL VOCs, SVOCs, PAHs, and organochlorine pesticides, PCBs, herbicides, 

dioxins/furans, TAL metals (filtered and unfiltered samples), and cyanide. 

Surface water analytical results are grouped by fraction and discussed below. The analytical results were 

used to delineate the nature and extent of contamination and to support human health and ecological risk 

assessments. Table 4-5 presents the analytical results for the five surface water samples. Descriptive 

statistics (e.g., frequencies of detection, ranges detected, locations of maximum detections, etc.) are 

presented in Table 4-6. Additionally, the analytical results are compared to the following standards and 

criteria, and the results of these comparisons are shown in Table 4-6 and on Figure 4-3: 

0 State of Illinois, Class I TACO Tier 1 GROs - Ingestion - ‘Class I TACO Tier 1 GROs are used to 

evaluate chemical concentrations in groundwater or surface water that may be used as a domestic 

water supply. 
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_- 

USEPA Safe Drinking Water Act Primary Maximum Contaminant Levels (MCLs) - Primary MCLs 

are enforceable standards promulgated under the federal Safe Drinking Water Act and are designed 

for the protection of human health. Primary MCLs are based on laboratory or epidemiological studies 

and apply to public water systems. A public water supply is defined as a system that provides water 

to the public for human consumption and that has at least 15 service connections or regularly serves 

an average of 25 individuals daily at least 60 days per year. Primary MCLs are designed for the 

prevention of human health effects but also reflect the technical feasibility of removing a contaminant. 

Primary (i.e., health-based) and secondary (aesthetic-based) MCLs are promulgated under the Safe 

Drinking Water Act. Primary MCLs are referenced in this section. 

l USEPA Region 9 PRGs for Tap water - Region 9 Tap water PRGs are risk-based concentrations 

derived by USEPA Region 9 for evaluating chemicals in groundwater or surface water sources that 

may used as a domestic water supply. A PRG for a carcinogenic chemical is set at the one-in-one- 

million cancer risk level (1 E-06); a PRG for a non-carcinogenic chemical corresponds to an exposure 

concentration that will not result in adverse, non-carcinogenic health effects (i.e., a HI equal to or less 

than 1). 
- 

l Ecological Screening Levels for Surface Water - The ecological screening levels for surface water 

presented in Table 4-6 are default benchmarks suggested for use in the ERA presented in Section 

7.0. These criteria are presented as points of reference only. 

4.4.1 vocs 

The following three VOCs were detected in RI surface water samples collected from Site 1: 

. 1 ,l -Dichloroethane - 0.21 to 0.39 ug/L in 3 of 5 samples 

. cis-1,2-Dichloroethene - 0.99 to 1.7 ug/L in 5 of 5 samples 

l Vinyl chloride - 0.25 to 0.34 ug/L in 2 of 5 samples 

Concentrations of the three VOCs detected in Site 1 surface water samples did not exceed Illinois TACO 

Tier I GROs, MCLs, or ecological surface water screening criteria; however, concentrations of vinyl 

chloride detected in two samples slightly exceeded Region 9 tap water PRGs. 

4.4.2 svocs 

No SVOCs were detected in Site 1 surface water samples. 
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4.4.3 PAHs 

Several PAHs were detected in surface water samples; however none exceeded Illinois TACO criteria or 

MCLs. Several PAHs exceeded their Region 9 tap water PRG. Most PAHs were detected at relatively low 

concentrations in three of the five samples collected. 

BaP and pyrene were detected in the surface water samples at concentrations that exceeded the 

ecological screening levels. 

4.4.4 Pesticides/PCBs/Herbicides 

No pesticides, PCBs, or herbicides were detected in Site 1 surface water samples. 

4.4.5 Dioxins/Furans 

One dioxin/furan (1,2,3,4,6,7,8,9-OCDD) was detected in surface water samples collected at Site 1; 

however the concentration did not exceed the USEPA Region 9 tap water criteria. 

4.4.6 lnorqanics 

Several metals were detected in Site 1 surface water; however, only thallium was detected at a 

concentration greater than Illinois TACO criteria. Thallium was detected in one sample (NTWOlSWOl) at 

a concentration of 5.1 ug/L, which exceeds the Illinois TACO GRO, MCL, and Region 9 tap water PRG. 

Antimony was also detected at a concentration greater than the Region 9 tap water PRG and the 

ecological screening level. 

4.5 SURFACE SEDIMENT CONTAMINATION ASSESSMENT 

This section discusses the Site 1 surface sediment (0 to 4 centimeters bgs) data collected for the RI. 

Sediment samples were collected from five locations within Skokie Ditch as it flows across the golf 

course. Samples were collected at the point where Skokie Ditch flows off the site under Buckley Road 

(NTCOlSWOl), at the bend in Skokie Ditch (NTCOlSD02), at the origination point of Skokie Ditch 

(NTCOlSD03), in the sediment trap located near the split in Skokie Ditch (NTCOlSD04), and equidistant 

between the origination point and the split (NTCOlSW05), as shown on Figure 3-3. At each location, one 

sediment sample was collected from 0 to 4 centimeters bgs. A duplicate sample was collected at location 

NTCOlSD04. The samples were analyzed for TCL VOCs, PAHs, TAL metals, and cyanide. Select 
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samples were analyzed for TCL SVOCs, organochlorine pesticides, and PCBs, herbicides, and 

dioxins/furans. 

The analytical results are grouped by fraction and discussed below. The analytical results were used to 

delineate the nature and extent of contamination and to support HHRA and ERA. Table 4-7 presents the 

analytical results for the five surface sediment samples. Descriptive statistics (e.g., frequencies of 

detection, ranges detected, locations of maximum detections, etc.) are presented in Table 4-8. 

Additionally, the analytical results are compared to the following standards and criteria, and the results of 

these comparisons are shown in Table 4-8 and on Figures 4-4, 4-5, and 4-6: 

l State of Illinois, TACO Tier 1 SRO for Residential Receptors (Ingestion and Inhalation) and 

Industrial Receptors (Inhalation) - The TACO Tier 1 SROs are risk-based criteria for evaluating 

chemical concentrations in soil and sediment. TACO Tier 1 SROs are available for a human receptor 

hypothetically exposed to chemicals in soil or sediment assuming a residential land use scenario and 

assuming that the receptor was exposed as a result of the daily ingestion of small amount of soil or 

sediment. In addition, TACO Tier 1 SROs are available for a human receptor hypothetically exposed 

to chemicals in soil or sediment assuming residential and industrial land use scenarios and assuming 

that the receptor was exposed as a result of the daily inhalation of volatile organic vapors. 

. USEPA Region 9 PRGs for a Residential Receptor - Region 9 PRGs are risk-based concentrations 

derived by USEPA Region 9 for evaluating chemical concentrations in soil and sediment. The PRGs 

were calculated for residential receptors that may be hypothetically exposed to and ingest soil or 

sediment containing the chemicals. A PRG for a carcinogenic chemical is set at the one-in-one- 

million cancer risk level (1 E-06); a PRG for a non-carcinogenic chemical corresponds to an exposure 

concentration that will not result in adverse, non-carcinogenic health effects (i.e., a hazard index [HI] 

equal to or less than 1). It is noteworthy that the current and anticipated future use of Site 1 is a 

recreational golf course. PRGs assuming a residential land use are used as conservative-screening 

values in the Section 4 text and tables. 

. Ecological Screening Levels for Sediment - The ecological screening levels for sediment 

presented in Table 4-8 are default benchmarks suggested for use in the ERA presented in Section 

7.0. These criteria are presented as points of reference only. 

4.5.1 vocs 

No VOCs were detected in Site 1 surface sediment samples. 

XXXXXXIP 4-12 CT0 0013 



Naval Station Great Lakes 
Site 1 RVRA 
Section: 4.0 
Revision: 0 

Date: July 2007 
Page: 13 of 17 

4.5.2 svocs 

Three samples and one duplicate sample were analyzed for SVOCs in Site 1 surface sediment. The 

SVOCs detected are also categorized as PAHs and are discussed in the following section. 

4.5.3 PAHs 

Five PAHs were detected in the five surface sediment samples collected from Site 1 at concentrations 

exceeding TACO residential criteria and USEPA Region 9 Residential PRGs. Concentrations of 

benzo(a)anthracene (maximum concentration of 1,700 ug/kg), BaP (maximum concentration of 2,000 

us/kg), benzo(b) fluoranthene (maximum concentration 6,400 of ug/kg), dibenzo(a,h)anthracene 

(maximum concentration 280 of ug/kg), and indeno(l,2,3-cd)pyrene (maximum concentration of 1,700 

ug/kg) were detected in the five samples collected, and benzo(b)fluoranthene (maximum concentration of 

2,400 ug/kg) was detected in four of the five samples collected. 

Fifteen (15) PAHs were detected in the surface sediment samples collected at concentrations exceeding 

the ecological screening levels. 

Also of note, the maximum concentration of each PAH detected was found at one of two sampling 

locations, NTCOl SD02 or NTCOl SD03. 

4.5.4 Pesticides/PCBs/Herbicides 

Three samples and one duplicate sample were analyzed for pesticides and PCBs in surface sediment at 

Site 1. Although no pesticides were detected at concentrations exceeding TACO residential criteria or 

USEPA Region 9 Residential PRGs, 4,4’-DDD (maximum concentration of 17 ug/kg), 4,4’-DDE 

(maximum concentration of 32 us/kg), and 4,4’-DDT (maximum concentration of 7.4 us/kg) were detected 

at concentrations that exceeded ecological screening levels at the three sample locations. Alpha- 

chlordane, endosulfan II, and gamma-chlordane were also detected at concentrations that exceeded 

ecological screening levels in at least one sample collected. 

No PCBs or herbicides were detected in Site 1 surface sediment samples. 
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4.5.5 DioxindFurans 

One dioxin/furan [2,3,7,8-Tetrachlorodibenzodioxin (TCDD)] was detected in surface sediment samples 

collected at Site 1 at a concentration that exceeded ecological screening level; however 2,3,7,8-TCDD 

only exceeded the ecological screening levels in one of three samples, with a concentration of 0.76 

nanograms per kilogram (ng/kg). Several other dioxins/furans were detected in the three samples (plus 

one duplicate) collected from Site 1; however none had concentrations that exceeded the TACO 

residential criteria or USEPA Region 9 Residential PRGs. 

4.5.6 lnorqanics 

The five samples collected at Site 1 were analyzed for inorganics, and although no inorganics were 

detected at concentrations in exceedance of TACO residential criteria, eight inorganics were detected at 

concentrations that exceeded ecological screening levels. Copper and zinc were detected at 

concentrations that exceeded ecological screening levels in all five samples, with maximum 

concentrations of 71.3 and 400 mg/kg, respectively. Antimony, arsenic, iron, lead, manganese, and 

mercury were also detected at concentrations greater than the ecological screening levels in at least one 

of the five samples collected. 

Six inorganics were detected at concentrations exceeding USEPA Region 9 Residential PRGs. Arsenic, 

iron and manganese concentrations exceeded USEPA Region 9 Residential PRGs in the five samples 

collected, while aluminum, thallium, and vanadium were detected with concentrations in at least one 

sample greater than the USEPA Region 9 Residential PRGs. 

4.6 SUBSURFACE SEDIMENT CONTAMINATION ASSESSMENT 

This section discusses the Site 1 subsurface sediment (1 foot bgs) data collected for the RI. Subsurface 

sediment samples were collected from the five previously described sampling locations for surface 

sediment, as shown on Figure 3-3. At each location, a subsurface sediment sample was collected at 1 

foot bgs. The samples were analyzed for TCL VOCs, PAHs, TAL metals, and cyanide. Select samples 

were analyzed for TCL SVOCs, organochlorine pesticides, and PCBs, herbicides, and dioxinsifurans. 

The analytical results are grouped by fraction and discussed below. The analytical results were used to 

delineate the nature and extent of contamination and to support the HHRA. Table 4-9 presents the 

analytical results for the five subsurface sediment samples. Descriptive statistics (e.g., frequencies of 

detection, ranges detected, locations of maximum detections, etc.) are presented in Table 4-10. 

Additionally, the analytical results are compared to previously defined standards and criteria, and the 
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results of these comparisons are shown in Table 4-10 and on Figure 4-7. The subsurface sediment 

results were not compared to ecological screening levels but were compared to the TACO SRO for 

Residential Ingestion and USEPA Region 9 Residential PRG criteria as described in the Surface 

Sediment Contamination Assessment (Section 4.5). 

4.6.1 vocs 

No VOCs were detected in Site 1 subsurface sediment samples. 

4.6.2 svocs 

One sample was analyzed for SVOCs in Site 1 subsurface sediment. The SVOCs detected above the 

TACO SRO are also categorized as PAHs and are discussed in the following section. 

4.6.3 PAHs 

Five PAHs were detected in the five subsurface sediment samples collected from Site 1 at concentrations 

exceeding TACO residential criteria and USEPA Region 9 Residential PRGs. The maximum 

concentration of each PAH was detected at sampling location NTCOlSDOl, the sample where Skokie 

Ditch flows under Buckley Road. 

4.6.4 Pesticides/PCBs/Herbicides 

One subsurface sediment sample at Site 1, from location NTCOl SDOl, was collected and analyzed for 

pesticides and PCBs. The concentrations of the pesticides and PCBs were less than TACO residential 

criteria; however Aroclor-1248, at a concentration of 820 ug/kg, exceeded USEPA Region 9 Residential 

PRG. 

No herbicides were detected in Site 1 subsurface sediment samples. 

4.6.5 Dioxins/Furans 

Several dioxins and furans were detected in the subsurface sediment sample collected from location 

NTCOl SD01 . The concentrations of the dioxin/furan 1,2,3,4,6,7,8-HPCDD exceeded USEPA Region 9 

Residential PRG. Other dioxins/furans were detected at concentrations less than USEPA Region 9 

Residential PRGs and TACO residential criteria. 
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4.6.6 lnorqanics 

The five subsurface sediment samples collected from Site 1 were analyzed for inorganics, and the 

concentrations of seven of the inorganics (aluminum, arsenic, chromium, iron, manganese, thallium, and 

vanadium) were greater than USEPA Region 9 Residential PRGs; however the concentrations of 

inorganics were less than TACO residential criteria. 

4.7 SUMMARY AND CONCLUSIONS 

The following briefly summarizes the nature and extent of the current contamination in subsurface soil, 

groundwater, surface water, surface sediment, and subsurface sediment at Site 1: 

l Very few VOCs were detected at Site 1. Low concentrations of VOCs were detected in Site 1 

subsurface soil, groundwater, and surface water, and none were detected at concentrations that 

exceeded TACO criteria. No VOCs were detected in sediment samples. 

. PAHs are the predominant SVOCs detected in subsurface soil, groundwater, surface water, 

and sediment samples collected at Site 1. Many of the PAH results exceeded the referenced 

human health or ecological screening criteria. However, interpretation of PAH data must consider the 

fact that PAHs are common, anthropogenic contaminants frequently detected as a result of the wide 

spread use of petroleum products in our modern, industrialized society as well as potential 

byproducts of combustion that took place in the landfill. 

l Pesticides were detected in subsurface soil and sediment samples collected at Site 1 at 

concentrations that reflect the widespread and historical use of these chemicals for pesticide 

control. DDT and its degradation by-products were the pesticides detected most frequently. The 

pesticide concentrations for the Site 1 soil and sediment samples do not exceed TACO screening 

levels for human health. In contrast, the pesticide results frequently exceed referenced screening 

levels for ecological receptors. Pesticides were not detected in the Site 1 groundwater or surface 

water samples. 

l PCBs were detected in less than 50 percent of the subsurface soil and sediment samples 

analyzed. Low concentrations of PCBs, including Aroclor-1248, -1254, and -1260, were detected in 

several subsurface soil samples and one subsurface sediment sample. Detected concentrations of 

PCBs in subsurface soil and subsurface sediments were less than the TACO screening criteria and 
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EPA Region 9 PRGs. No PCBs were detected in Site 1 groundwater, surface water, or surface 

sediment. 

. Herbicides were detected in one subsurface soil sample collected at Site 1. Pentachlorophenol 

was detected in one subsurface soil sample at a concentration that was less than the TACO 

screening level for human health. Herbicides were not detected in the Site 1 groundwater, 

surface water, or sediment samples. 

l Several metals were detected in the soil, groundwater, and sediment samples collected at Site 

1 at concentrations greater than TACO screening levels for human health or ecological 

screening levels. Lead and silver were detected in subsurface soil at concentrations greater than 

TACO criteria. Lead was also detected in one groundwater sample. Iron and manganese exceeded 

TACO criteria in groundwater as well. Thallium was the only metal detected in surface water, in one 

sample, at a concentration greater than TACO criterion. All inorganics in sediment samples were 

detected at concentrations less than TACO criteria; however several metals were detected at 

concentrations greater than USEPA Region 9 Residential PRGs or ecological screening levels. 
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4.6 U } ! 1 

1 
1.2J 1 iou .- 1 

‘L.L ” 1 L.Z ” , I 4.6 ” 0.65 R 1 1 I 2.2 U , I 3.lJ 
4.6 U 

[ 1ou 1 I 
2.2 u 1 2.2 u 1 t I 1 6.lJ 

1 

1 3.7 J 

I 9311 I 4.6 U 

1 

1 I3 .I “Cl, I 
I 1ou I 2J .̂  I ! 1 

. . -  -  - . -  Y 7.u ” 
0.73 J 2.2 u I 

xu ” 9.6 J 
4.6 U 

2.2 u 2.2 u 2.2 J 10 u 
4.6 U 

3.2 2.2 u 1.2 
I 

J 7.7 J 
2J 

2.2 u 2.2 u 
I 1 

6.9 J 10 u 

2.2 u 1 
4.6U 

2.2 u 10 u 2.4 J 

1 1 4.6 U 4.2 U 1 4.3 U t 1 4.4 

1 

J 2J 

I 8.9 u 1 2.4 J 2.5 J 



TABLE 4-l 

, 
PZlralllC?teI 

Herbicides [PENTACHLOROPHENOL (pgkg) 

Dioxins/Furans @g/kg) 

1.2.3,4,6,7,8,9-OCDD 
1.2,3,4.6.7,8,9-OCDF 
,1,2,3,4,6,7,&HPCDD 
1,2,3,4,6,7,8-HPCDF 
I,2,3,4.7.8.9-HPCDF 
1,2,3,4,7&HXCDD 
1,2,3,4,7&HXCDF 

1,2.3,6.7,8-HXCDD 
1,2,3,6.7.8-HXCDF 

1,2,3.7,8,9-HXCDD 

SUMMARY OF ANALYTICAL RESULTS FOR SUBSURFACE SOIL SAMPLES 

SITE 1 -GOLF COURSE LANDFiLL j\ 
NAVAL STATION GREAT LAKES, lLLiNOlS 

PAGE 2 OF 2 
.- 

’ NTC01Sa088 ’ NTCOISt3089 NTCOlSBO9I NTCOlSB092 NTCOlSBO93 
7-a II-12 I 

NTCOlSB094 NTCOlSB095 
8-12 

NTCOlSB096 NTCOlSB097 NTCOISBOQO 8-12 S-12 
NTCOlSB099”’ 

15-16 
S-IO 

NTCOlSBlOO 

14-18 

NTCOlSBlOl 

S-10 

NTCOlSBlOP NTCOlSBlO3 

IO-12 3-4 15-16 10-12 I IO-12 IO-12 4-6 4-a 19-19 

I 

I 

I I I.. t I I 1 1Y”J 400 J 711 I I I 1 , , 600 ._ ! 
59 

2.4 U 
,” c lC.2” ” t I V.“Y ” 

62 J 1 8900 J , 5.8 J 8.4 I 7.4 u 

56 J 1 2000 J 
13 tJ 20 3u 

33 J i 
I 

6700 J 
15 22 

I 47 I I ,cnn I I 
1 1.6U 
I 

7.4 u 10 
+.41), 1 I 7, ” l”“” d 

1,2,3,7.8,9-HXCDF I..+ ” 3.3 J 290 J 
1,2,3,7,8-PECDD 

1 
I 0.57 u 

12 20 41 J 

22 J 1200 J 
0.75 u 0.5 u 1.2tJ 

1,2.3;7.8-PECDF- ~~~~~ ~~ 
~~~~~~~.~ ~~~~ ~~~~ ~~~~~ -~ ~~ ~~ 

40 J 6400 J 
m-6:4 U ~~ ~~ ~~~ -g;, 20-w ~- 

2,3,4,6,7.8-HXCDF I 
1 

1.2 u 
38 J 8000 J 

1.5 u 

8.4 u 12 5.5 u 

2,3,4,7,8-PECDF I I 48 J 17nno .I 1 t 
I ---------------I-- 10 u 12 1.2 u 

^^_^_^_ - ,111 .I r, I .,. ,.- - 
BJ 140 J 

II ” 5.7 u 

2,3.7,8-TCDF 
48 J 5500 J 

1.9 J 3.:J 

TEQ MAMMAL 
1u 

9u 
10 J 18 J 11 u 

TOTAL HPCDD 
TOTAL HPCDF 
TOTAL HXCDD 540 J 21000 J 
TOTAL HXCDF 

3.8 u 
350 J 61000 J 180 250 550 

TOTAL PECDD 77” .I r6Ym-l t 
TOTAL PECDF I 
TOTAL TCDt-l 

.-r”” - 

I 1 t 480 I J 110000 J I t I 13 J , 11v.i , I I 25U 1 I 
1 

750 .I I 4.4 u f?nnn I 1 I I t 1 1 1 47 
I 

J 
nc9 II t 

14OJ 
t , [ I 

f 1 7.3 u 
1  ̂

) 
.̂ I I 

TOTAL TCDF I 
I --_1 I 

1 800 J 1 
I 

100000 J / 
I I “.YL v 

I 
I I I 4L J I 84 J 

23 I 1 14OJ 1 
I I I 9u 

270 J 1 
I 

Metals (mglkg) 11 u 

ALUMINUM 
I 

7660 6570 8470 
ANTIMONY 

5160 9840 
12.3 

1 10300 2750 6400 
7.5 

6970 
21.4 

8640 
0.31 u 0.29 tJ 1 

7680 7790 5110 
0.6 0.88 

9120 
6.7 

6620 1 I 3750 
0.65 U 0.54 

7300 7290 

ARSENIC 8.4 19.6 11 6.6 
5.2 9.2 

BARIUM 
6.4 

0.53 1.5 
16 4.4 

1.6 
8.1 

0.28 u 

55.3 J 355 J 
6.4 

0.48 tJ 
14.5 

I 0.28 U 

386 J 54.1 J 
6.2 

116 J 
8.3 

165 J 
9.7 

46 J 
9.5 8.6 

BERYLLIUM 0.77 u 
209 J 

8.1 

1.1 u 
63.6 J 

18.9 

1.8 
106 J 

8.1 

2.4 
146 

1.2 u 
222 101 

1.3 u 
---- 63.7 50.8 J 58.6 J 35.9 J 

CADMIUM 
I.5 

0.054 u 
2.7 

0.11 u 
5.7 

1 
I.1 u 

0.057 u 
0.8 1.5 

0.054 u 
1.8 

0.076 U 
1.3 

0.14 
1.6 

0.39 
1.2 u 

0.52 
5.2 

0.054 u 
0.74 u 

1.2 0.12 u 0.054 u 0.053 u 2.3 0.051 u 
39300 2840 

1.1 0.051 u 
10700 16800 204OO 

15.4 J 
28500 26000 8080 4870 66300 

COBALT 9.3 11 10.1 
16.7 J 

COPPER 
5.9 

21.2 J 
10.8 

55.9 J 
10.6 

10.4 J 42.9 J 

19.2 J 
4.2 

20.8 J 
7.5 

6J 
9.8 

12.6 J 
9.8 

14.5 J 

112 J 829 J 
IFtON 

24.5 J 
3.7 

28.4 J 
13 

63.1 J 
5.5 8.2 9.2 4.3 5.5 8.7 

- 
J 19800 J 

37.5 J 51.7 J 
69100 

38.9 J 
53100 J 

61 J 
23500 J 

58.8 J 
19900 J 

189 J 

3, 
25600 J 

27.9 J 

30.1 J 
13600 J 

1530 J 55 J 22.9 J 

~--lrr----------------~~~-~ 
28600 J 20800 J 19200 J 

25.8 J 

1 1 ‘ , 54.9 J 
14500 J 

22 J 

MAGNESIUM 
32.9 J 188 J 

23400 J 
42.6 J 

7370 J 
160 J 68.1 J 

6730 J 
212 J 

3490 J 
355 

MANGANESE 
6650 J 22100 J 

530 J 
1420 J 

425 J 
3960 J 855 J 

587 J 
19100 J 

171 J 
3160 J 

930 J 
2480 J 

433 J 
6080 J 

105 J 
10900 J 

332 J 
11200 J 

61.6 J 
, 1790 J 1360 J 

MERCURY 0.43 J 0.72 J 0.59 J 
523 J 

36600 J 

NICKEL 
0.14 J 

163 J 
J 0.075 

612 J 
0.19 J 

1000 J 512 J 
J 0.21 

747 J 

20.1 J 
0.75 J 

93.5 J 59.1 J 499 J 

45.1 J 
0.13 J 

37.7 J 
0.17 J 

POTASSIUM 
22 J 

0.23 
19.4 J 

0.056 
27.1 J 

0.51 0.48 
11.6 J 

0.23 

1270 
26.7 J 

752 
45.9 J 

0.21 J 

1240 
23.3 J 

0.11 J 0.014 u 

810 
13.3 J 

1010 
52.7 J 

1880 
13.8 J 26.2 J 

420 
44.7 J 

1160 
13.3 J 

1390 1490 
21.1 J 24.1 J 

569 1130 996 911 958 421 1400 1610 
1.2 u 4.5 u 

J 
1.8 U 3 

J 0.54 0.79 0.37 u 4.5v 
2.1 u 

4.4 J 
1.2 4.2 

SODIUM 12.8 464 871 
0.3 u 4.6 

0.83 
t- 3.7 

THALLIUM 
170 250 441 

0.32 u 
202 

0.47 u 
359 

0.34 J 0.063 U 

0.73 
304 

0.093 UJ 

0.33 u 
268 

0.34 u 
229 

0.32 U 0.31 u 1 0.41 u 
1240 745 

0.45 u 
597 648 154 

1.5 
204 

0.32 U 
214 

VANADIUM 0.35 u 0.73 u 0.32 U 0.55 u 0.33 u 0.3 u 1.2 0.3 u 

ZINC 14.7 23.5 34.6 28.8 56.1 15.7 47.4 17.2 
410 J 779 J 65 J , 246 J , 2I70 J , 103 J 50.1 J 44.9 J 

1 0.62 U 1 0.63 U 1 0.64 u 1 0.64 U 1 0.61 U 1 0.86 U I 0.6 u I 2.9 f 1.3 u I 0.61 u 1 0.67 u t 0.7 U 1 0.61 U 1 0.61 U 1 0.64 u I 0.58 u 1 0.99 U I o.5B u 1 

1 - Duplicate samples. 

J =The v&e is considered a quantitative estimate because it was less than the reporting limit or because d another technical noncompliance. 
U = The value is not detected at the repwed conce~.. e+!iO.C and is co-nsidered no: p:asen: iii :he 5amp:e. 
UJ = The nowtected v&e is considered to be a quantitative estimate due to technical noncompliances. 
Shaded chemical %WW I Cell indicates that the concentration is greater than the TACO SRO Residential Ingestion criterion. 
Blank cells indicate that the samnte wx nnt =,n=tv~=r( fnr tk--n -*----a-- 

. - - --. --. . . . ̂  -,... 
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SUMMARY OF DESCRIPTIVE STATISTICS AND CRlTERlA COMPARISONS FOR RI SUBSURFACE SOIL DATA 

SITE 1 -GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 
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Parameter 

Volatile Organics @g/kg) 
P-BUTANONE 

lMETHYLENE CHLORIDE 
Brmi”“lltib nmnnirc ,.#“,l.“l 

TACO -Soil 
TACO-Soil 
Remediation 

TACO-Soil 
TACO-Soil TACO - Soil 

TACO Soil USEPA Generic 

Location with Average of 
Remediation 

Objective for 
Remediatio” 

Remediation Remediatio” 
Remediation Objective TACO-Soil Remediation 

TACO - Soil Remediatio” 
Objective for 

TACO SSL for TACO SSL for USEPA Region 9 
USEPA Generic 

SSL for Migration 
Frequency of 

Range of Detects 
Range of 

Maximum Detected 
Objectivefor 

Residential 
Objective for 

Objective for 
for industrial Objective for Industrial 

Objective for Industrial 
Migration from Soil to Migration from Soi) to 

USEPA Region 
PRG- 

SSL for Migration 
from Soil to 

Detection Nondetects 
Concentration Concentrations 

Residential 
Properties _ 

Residential 
Residential Industrial Properties-Inhalation - from Soil to 

Properties Properties - 
Properties - Properties. 

Properties _ inhalation. Properties- inhalation - 
Construction Worker 

Groundwater (DAF Groundwater (DAF Res.;~;t&oi, Residential Soil 
Groundwater 

Groundwater 

ingestion lnhatation Inhalation - 
Industrial Construction Worker 

Exceedances 20) 20) Exceedances Exceedances 
(DAFT) 

(DAF 1) 
Ingestion 

Exceedances 
Inhalation 

Exceedances Industrial 
Exceedawes Exceedances 

5 I NA 0 e 0 
. 7800000 0 

NTC01SBO981516 
‘0 100000000 I 

4 I 85000 0 13000 1 0 
--.....-. I...” _.J” . ..-” \r 
Z-METHYLNAPHTHALENE 

. I  

1 414 ) 40 J-250 J 1 NTcoisBo991o12 91 1600000 0 NA 0 NA 0 NA I 0 NA 0 5600 0 NA 0 I II4 I I 1 I I 39 .I I 40”.7100 NTC01SB0991012-D 360 
3900000 0 NA 0 NA 0 NA 0 15000 0 310000 1 0 0 700 

20 NTCOiSB0991012-D 240 NA 0 NA 0 NA 0 NA 0 NA 0 31000 2 

00 NTCOi SBI 020408 230 

)O- . . 

4700000 0 NA 0 NA 0 NA 0 570000 0 370000 0 31000 0 1 1 

2” NTCOl SRn”nm~ 2.0 210 4700000 0 NA I 0 NA 0 NA 0 NA 0 370000’ 0 NA 0 } f 
360 23000000 0 NA 0 NA 0 NA 0 12000000 0 2200000 650000 ) 0 ( 0 

I ,“I, ,I1.K,I”,IIIYI~, scn n hl& , n n n rtnnnn t n ! ~---~.860- 0 

-- , . ..II.YL “““.“.L Y v-V .,“Y ” I I ” I I ” I I ” I il”“” I 1 

, Y,_t , L” d-J”” , oJ”-L,oo 1 NTC01SB0991012-D 1 290 2300000 0 NA 0 NA 0 
t 

NA 0 NA 0 
214 t 130 J-230 J t 

1 
400 -2100 1 / 

1 
I I I I 

1 
NTCOlSB0991012-D 360 9000 0 NA I n Nd n 64”“” n I n 0 

NIMlbtl”Y”“t(lZ-” 15” 1 tiOOO0” 0 170000 0 270000 0 I 1800 0 12000 0 5600 0 31b” 

22 J-93-j 

NTCO1SBtO20408 600 2300000 0 NA 0 NA 0 NA 0 NA 0 230000 0 NA 
.-..-_ 1 400 - 890 NTCOlSB09008fZ-D 190 47000000 0 NA 0 

I 314 1 
NA 0 I NA 0 100000 0 1800000 0 2800 0 

PYRENE 41 J-1300 1 890 - 890 NTC01SB1020408 590 2300000 0 NA 0 NA 0 NA 0 4200000 0 
Polynuclesr Aromatic Hydroc*-‘h*-- I**-*-\ 

0 230000 0 230000 

bMFTHYI NAPHTHA, FNF 
Y.Y..II.z ,pyy”y, 

IACENAPHTHENE i I 15116 3/15 1 I 7.5 J- 3500 J 1 3”.IR”“” 400-400 1 NTC01SB1020408 1 480 I 1600000 1 0 I NA t 0 I NA I 0 I NA I 0 I NA I 0 1 I 5600 1 0 n I ’ NA 
I 1 4700000 t 

I 0 
14 .I-76” .I I 660 0 NA 0 NA 0 NA 0 570000 0 -700 I 0 

) I ,000 I n I NA I n I MA I n I hlb I n I hid I n 

0” , Nlt;01SBtO20408 , 360 
I 

I 32000 I 0 I NA 0 NA 0 NA 0 600 
, 

I 
‘I 

I I I I I I 0 1 24000 0 
^̂  .._^ .̂̂ ^̂ ^̂  .̂ .̂  ̂ .^^ ^̂ ^̂ . 

0 NA 0 NA 0 NA 0 160000 0 
n I ” I n I t n 

1 NT~OiSBi020408 0 
. . , ..I. 

16116 1 4 J-31000 / 
” 

RENE 1 I 1 I I I 
I ” , L”“““” ( Y , ., 

3000 2300000 NA 0 NA 0 NA ganochlorine PesticidesIPCBs (1 s/kg) t 0 1 4200000 1 0 I 230000 1 0 t 230000 1 0 I 

‘-DDD 4/4 4.8 280 J NTG01SB0991012-D 72 3000 0 NA 0 NA 0 NA 0 16000 0 2400 0 710 0 ‘-DDE 4/4 0.6 J 82 J 
NTCOtSBO991012-D 

1 I 
24 2000 0 NA 0 NA 0 NA 0 54000 0 ‘-DOT 1700 1 0 2200 0 414 1.4 J-27 

J NTCOlSB0991012-D 9 2000 0 NA 0 NA 0 NA 0 32000 0 1700 1 0 1300 I 0 .-DRIN 
114 1.5 J 2.2 10 NTC01SB0991012-D 2 40 0 3000 0 6600 0 9300 0 500 0 

ALPHA-BHC 
29 0 25 0 

II4 1.7 J 2.2-10 ’ NTCO1SB0991012 2 100 0 800 0 1500 0 2100 0 , 1 0 ,** 1 ALPHA-CHLORDANE 90 z/4 2.2 J 2.8 J I 
2.2 10 NTC01SB0900812 3 I800 

, 
0 72000 0 14”“O” 0 22000 0 !OO+O 0 

AROCLOR-1248 
?600 0 480 0 

l/4 130 J 40-89 NTCO1SBO991012 43 1000 0 NA 0 NA 0 NA 0 NA 0 AROCLOR-1254 220 0 I NA II4 33 J 0 40-89 
NTCOtSEO900812 

I 
33 1000 0 NA 0 NA 0 AROCLOR-1260 NA 0 NA 0 110 0 NA 0 II4 100 J 

40-89 NTCOlSB0991012 40 1000 0 NA 0 DELTA-BHC NA 0 NA 0 NA 0 220 0 NA 0 II4 1.2 J 
2.2-10 

I 
NTCOlSB09910t2 

I 
2 NA 0 NA 0 NA 0 NA 

DIELDRIN , J 214 0.55 J-i.2 2.2 10 NTC01Sf30991012 1 40 0 1000 0 
ENDOSULFAN II 

I 2200 0 3100 
1 i/4 4.9 J 2.2 -4.6 NTCOlSB0991012 3 470000 

ENDOSULFAN f t i/4 
f 0 NA 0 NA 0 NA 

3.1 J 73. tn I NTcnlsRn941n17 7 670”“” f n h,A ” bl.3 n +.I1 n ““0 I ” t ..“111 
ENDOSULFAN SULFATE II4 1 1 1 470000 t 

t .“” ” 
25 

I I l”,. I ” I I”n I ” I IO”“” 
2.2-10 

I 

I ” ” 
NTC01SBO991012-D 

, ~I”“” , I JO- 
2 0 NA 

ENDRIN KETONE 
0 NA 0 NA 0 NA 0 37090 

2!4 0.73 J 2.2 J 2.2-10 
I 

NTCOtSB0991012 ’ ) 1 
0 980 

I 0 
z 23""" 

ENDRIN 
I I 

214 
I 0 I NA t 0 I NA 

1.6 J-9.6 J 
t 0 I NA I 0 I NA t 0 1 1800 

p.p-, 0 L,nT.,TImn,,,.rm.“.- 
/ 0 I NH I ” I 

, IYzI.“IJOUJvI”IL-L1 4 23000 0 NA 0 NA 

GAMMA-BHC (LINDANE) 

0 NA 0 1000 0 1800 0 , n I 

t/4 4.4 .J 2.2 4.f i NTC01SB0991012-D 
GAMMA-CHLORDANE 

.I 1 I 1 ! ! ! 

1 t 

2 500 0 NA 0 NA ! 0 ! NA ! 0 ! 9 ! 0 1 440 1 0 
3r4 2 J-6.9 J L .e^^<” ^̂ ^̂ . ^_  ̂2.2. IO NIL”IDtl”kJ~,“,Z I d 

.̂ ^̂  ltl”” I 0 72000 0 , 140000 t 0 I 22000 I 0 t 10000 t 0 HEPTACHLOR EPOXlDE 1600 0 it4 
3.2 J 2.2 4.6 

I t t - 
NTC01SB0991012 2 70 0 5000 n I “7”” --“I I n ” I 3 *nnn .“““., f n ” I 7”” I”” I n ” I El I ( .,Y , ” 

HEPTACHLOR 
Y. 

2.4 J 1 
” 

l/4 2.2-10 NTC01SB0991012-D 
I 

2 100 

METHOXYCHLOR 

I 0 100 0 
0 

I 11”“O I n 
0 

16000 0 23000 0 110 0 1100 0 

II4 2.4 J 1 4.2-8.9 NTCOISBO991012-0 3 1 
} 1 I 

390000 0 NA Herbicides ,tm,cnt I NA I t NA I 0 I 160000 I 0 f 3tooo t 0 t 7800 0 

..,, t ” 8 I”” I ” I”n I ” I I”,, 8 Y 
9 NA 0 NA I 0 NA 0 NA 0 
3 NA 0 NA 0 I I nnnn n 

.__ 7 
-9 Jm 14000 I 18-40 / NTCOlSB1020408 1 1500 **1 3 

, LYYYYYY ” t ” ” ” ” LO”““” 
560 9000 0 NA 0 NA 0 NA 0 49000 0 6200 
410 32000 0 NA 0 NA 0 I NA 0 600 0 24000 0 
1300 88000 0 NA 0 NA 0 160000 0 62000 0 . 

2 NA 0 NA 0 2000 3 1500 

4400 3100000 
om 

0 NA 0 NA 0 I NA 0 
1 

4300000 0 230000 0 31OOOI 
14.3300 7.8 82 1 NTCO1SB1020408 340 3100000 0 NA NA 0 NA 0 560000 0 270000 0 41000 
1 J-6300 1 . . 1 NTCOlSBt020408 830 -8, -m 3 NA I NA I 0 t NA 0 14000 0 3 

1 I 
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Parameter 

TACO. Soi1 “lr” - J”” TACO _ soil I Hb” au,, I Ht,” - J”U 
TACO - Soil USEPA Generic 

Location with Average of 
Remediation 

Remedialion 
Remediation 

Remediation Remediation 
Objective for Objective for Objective for 

Remediation Objective TACO -Soil Remediation 
TACO - Soit Remediation 

TACO - SSL for TACO - SSL for USEPA Region 9 
USEPA Generic 

SSL for Migration 

Frequency of Range of 
Maximum Detected 

Objectivefor 
Residential 

Objective for 
Residential Industrial 

for lndustriat 
Objective for tndustrial 

Range of Detects 
! Objective for Industrial 

Properties Inhalation - 
Migration from Soil to Migration from Soil to 

USEPA Region 
PRG- 

SSL for Migration 

Properties - inhalation. Properties - lnhafation - Groundwater (DAF Groundwater (DAF 
SPRG- from Soil to 

from Soil to 

Detection Nondetects 
Concentration Concentrations 

Residential 
Properties - 

Residential 
Properties - Properties - Construction Worker 

Groundwater 

Properties - 
tnoestion 

Ingestion 
Properties - 
lnhatation 

rnhalation Inhalation 
industrial Construction Worker 

Exceedances 20) 
20) Exceedances Residential Soil R,?~$et~c~ Grrx$yte 

(DAF 1) 

Exceedances Exceedances 
I 
1,2,3,4,6,7,R,%OCDD 
t.2.3,4.6,7.8.9-OCDF 
1.2,3,4,6,7.8-HPCDD 
1,2,3,4,6,7@HPCDF 

1,2,3.4.7.8.9-HPCDF 
1,2,3,4,7&HXCDD 
1,2,3,4,7&HXCDF 
1,2,3,&7&HXCDD 
t .2,3,6,7@HXCDF 
1,2,3.7.8,9-HXCDD 

t ,2.3.7,8,9-HXCDF 
t ,2,3,7&PECDD~ 
1,2,3,7&PECDF 
2,3,4,6,7&HXCDF 
2,3,4,7&PECDF 
2,3,7,X-TCDD 
2.3.7.8.TCDF 
TEQ MAMMAL 
TOTAL HPCDD 

TOTAL HPCDF 
TrTTdl UYrnn 

I I I I I I 
z-- I Exceedances , , Exceedantes I l”d”?,tr,al ) I I t I I 

t NTC01SB0900812-D 1 3400 1 NA I 0 I NA I 0 I NA 0 NA 0 NA 0 
I nrrrnrconnnnorn n I 2600 I NA 0 NA 0 NA I 0 I NA I 0 I NA I 0 

t 17”” I hlb I 0 I rdn I n I N& n NA 0 NA 0 

414 57-16000 J 4 
z/4 29-20000 J 5.7-36 , IYI”“I..,)Y”z7”““IL-” 1 
414 14.11000 J 1 NTCO1SB0900812-D , ,,uv , . . I I . . 5 
4/4 7.3 J-34000 J -. ! NTCOiSB09008t2-D i 4300 1 NA 0 NA t 0 I NA I 0 I NA I 0 I NA I 0 5 

z/4 3.6 J-3100 J 0.5 s-2, j hl~,-n4connnnorrrrr , , IYs,,“,.,Y”~“““IL-Y , Ilnn I I)?,” , */n I”_ I 
, 

n ” I 
f 

*In I”= I 
n ” I 

hl& “p I 
” ” I 

hl& ..I I n WA 0 t 
z/4 5.8 J. 1200 J 0.89 7.1 I ( NTCOiSB09008t2-D f 160 I NA 0 1 .NA 0 NA I 0 NA I 0 I NA t 0 4 

, 214 1 20.ESOOJ 3-13 t NTC01.!%0900812-D 1 ttoo 1 NA I 0 I NA I 0 I NA 0 I NA 0 NA 0 3 
314 15-2000 J 0.86-0.8” E I LI~PIIIconnnnoro n I , 1~1uv1c1uv~uuo1~-u , “Or, LDV I I Id‘? I”- I n ” Llh I”_ n Y hill l”n I 0 ” hl.3 . , I n I N& .., I 0 5 I I 1 I I 
2/4 lo-6700 J 1.6- 7.4 1 NTCOtSBOSOO8t2-D ) 840 NA 0 NA. 0 NA 0 NA ! 0 ! NA ! 0 3 
3/4 12 1600 J t-4-1.4 1 NTCOiSB09008t2-D 1 220 I NA I 0 I NA I 0 1 NA I 0 I NA I 0 I NA I ” 5 

l/4 147J 1 0.5 1.2 1 NTCOtSB0900812-D 1 37 NA 0 NA 0 NA 0 NA 0 NA 0 2 
~~ -2,4-- -~g It -1200-J ~~ 1 0.84 20 ~~ 1 NTCOtSBO900812-D 1 ~~--,fjo 1~ -NA 1~ ~0 I NA- 1 0 1 NAP--- 1 0 I ~~ NA ~~I- 0 I NA I 0 ~~ 3 

2/4 ” ^.,._ * I A ,. * ‘ I .ITm.r.,,,?...nn.n - I IL.04”” J , I.L-&+ I ,Y,~“IOCI”Y”“LIIL-u -.* 
0,” 

I .H 
NH 

n 
” 

&IA 
IYt% 

I n 
” 

I Ll” 
WeI 

I II 
” 

t.tn I”,? I I n Y , WA 1.n I n Y 3 
2/4 1” onnn I L-O”“” * I I 4 0 40 I-c- I” I hDT,-n,connnno+on I”I,,“,.,u”~““oIL-Y t 000 NA 0 NA 0 NA 0 Nd 0 MA n . . . . 3 
2/4 1’ S-l2OOOJ 1 1.3-11 NTCOtSB0900812-D 1500 NA 0 NA 0 NA 0 NA 0 NA 0 3 
z/4 1.9 J-140 J 0.4 9 NTCOISE0900812-D 20 NA 0 NA 0 NA 0 NA 0 NA 0 4 
P/4 10 J-5500 J I-11 NTCOlSB09008t2-D 700 NA 0 NA 0 ‘NA 0 NA 0 NA 0 4 
414 0.2301 9042.8 NTCOtSB09008tZ-D 1200 NA 0 NA 0 NA 0 NA 0 NA 0 5 
4/4 26.2tOOO J 1 NTC01SB0900812-D 1 3300 1 NA I 0 I NA I 0 I NA I 0 I NA I 0 I NA I 0 0 

4/4 7.3 47000 J I LITPn,CDn”A”O+n n I cnno I hl& ” hlh n bib n hlb n NA n I n I NA n 
I ?I” +an.9,nnn I ?II.?” 

, ,” 8 vu lUY”il”“O 1L.Y “VU” I”_ ” I I”_ ” I , ,, < ” ., ~ , 

.V...L.II.VII , “,T .U” Llyyy ” “.” U.” 1 NTCOlSD09008t2-D 2900 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 
0 

TfiTII rl”Cnr ,“,nrnnbur I n,* 114 1 ti. I -rn,.- I Lf a-OI”“” J , ?,n In a..- I.2 I LITr)P.lmnnninn*nn IYllr”!3D”J”“oIL-U 
I hlTPnlcn”““nOI1 n 

7700 NA 0 NA 0 I NA 0 NA 0 NA 0 NA 0 NA 0 

TOTAL PECDD z/4 15 J- 16000 J 0.84 -2’: I”,““,~Y”z”““IL-Y 2100 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 

TOTAL PECDF zl‘t 47 J-110000 J 4.4 - 7.3 NTC01SB0900812-D 14000 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 

TOTAL TCDD 2/4 42 J-8000 J 0.62 - 9 NTCOlSB09008t2-D too0 NA IO NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 

TOTAL TCDF 3/4 23 - IO0000 J 11-11 NTC01SB0900812-D t 3000 NA I 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 

t6/16 
1CHC 

.  . - .  - - ,  - .  .  . - . -  I .  

MANGANESE 16/16 5b 
MERCURY 15/16 0 
NlCKEL 16/t6 Ii 
POTASSKJM 1606 

‘4.2 J 1530 J 
00 J-102000 J 
1.9 J - 1410 J 
55 J - 36600 J 
1.1 J-1000 J _. ) IYICI”IJD”JJI”,L ) 910 1 .I,“” 
,056 - 0.75 J 0.014-0.014 1 NTCOlSB0941416 1 0.27 1 23 0 ” I ,” I I 111- , ---I” 
8.6 J-52.7 J 1 NTCOiSB09815t6 1 27.4 ) 1600 I 0 I 13000 I 0 I 21000 I c 
420 1880 I hITr-n4C~nn~4c+C I 4n\nn 1 hII I\ LlA I ” hlA r 

0.83 - 5.7 1.2 

NTC01SB0981516 20.6 
NTCOlSBO9815t6 8.3 

. NTCOtSBOSStOtZ-0 124 
NTCOlSBO981516 29600 
NTCOtSB0900812 209 
NTCOtSBt031919 9690 
kIT~n.~n,,nn.n..? 1.c. I 

n 3” n n NA ” 

SELENlUM 13/16 
w’ IO/i6 0.34 J - 709 [ 0.063-0.47 I NTC01SBOS~ 
SODKIM 1606 128-1240 1 _. 1 MC01 SBOSf 
THALLIUM 3/16 071.tG I nrl.n77 I hlTCril9!alQ’ 

VANADlUM 16116 
ZlNC 1606 44 

, IYIY”li)U”~~ILII” IV.7” ( I”?? I ” 3°F. ” *.n r 3 NA 0 NA 0 NA 0 
1 NTCCOISB0891112 2.2 I 390 0 NA 0 NA -4.5 0 t NA 0 NA 0 39 0 

11012 24.9 *, 1 NA 0 NA ot NA 0 NA 0 B . 1 
$1516 394 t NA 0 NA 0 NA 0 NA 0 NA 0 NA 0 NA I 0 

-..- ,.” , V.” “.,” , .,.-- .---- jO810 0.37 1 6.3 0 NA 0 NA 0 m-.--T-- NA 0 NA 0 0. 
13.8-122 ) 1 NTCOlSB09508tO 32.4 1 550 0 NA 0 NA 0 NA 0 NA I 0 260 t 0 

.9 J-2170 J 1 ._ 1 NTC01SB10010t2 405 I 23OM) 0 NA 0 NA I- O NA 0 NA I 0 1 2300 0 .:1 3 

0.8 - 5.7 0.74. t.3 NTC01SB0950810 1.7 I 160 I 0 I t 300 I 0. I 2100 I ( I 440w I 0 I NA I 0 15 1 
0.14-2.3 0.051 -0.12 ) NTC01SB1001012 1 0.4 78 0 1800 0 2600 G / c”“nn .,il”“” I n ” I hlb *.- I ” ” I 17 I Y., 

2840 66300 1 NTCOISB10319tS 1 23300 1 NA I 0 I NA 0 NA 0 NA 0 NA 0 NA I n I 

6 J 55.9 J 
3.7-13 

Miscellaneous Parameters (mgfkg) 
ICYANlDE 1 1116 1 2.9 1 0.58-13 1 NTCO1SBO941416 1 0.51 I NA I 0 I NA t 0 t NA .I 0 t NA t 0 t NA f -0 t 120 I 0 1 1 

J =Tpe value is considered aquantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
NA = No criterion available. 
The OriSinal and field duplicate samples are counted as one sample in the frequency of detection. 
Shaded chemical name /cell indicates fhat the concentration is greater than the T&O SRO Residential ingestion cd&don. 
Shaded criteria indicates that the maximum chemical concentrafion exceeded the associated criterion. 

.Ass~ck!sd Smpbs: 
NTCOiSB0880708 
NTCOlSB089tlt2 
NTC01SB0900812 
NTCOlSB09008t2-D 
NTCOtSBOSt0812 
NTC01SB0921516 
NTCOtSEi0930810 
NTCOtSBO94t416 
NTC01S80950810 

NTCOtSB096tOt2 NTCOtSB2050414 
NTCOtSBO970304 NTCO1582072838 
NTC01SB0981516 NTCOtSB2O90717 
NTCOtSBO991O12 
NTCOtSBO99tOtZ-D 
NTCOiSB1OO1O12 
NTCOtSB1010406 
NTCOlSBtO20408 
NTCOISBtO31St9 
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TABLE 4-4 /’ -1, I 

; SUMMARY OF DESCRIPTIVE STATISTICS AND CRtTERIA COMPARISONS FOR RI GROUNDWATER DATA 
StTE 3 - GOLF COURSE LANDFtLL 

NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 1 CF 2 

Parameter 
Frequency of Range of Location with Maximum 

Average of 
Illinois TACO GRO 

Illinois TACO GRO 
USEPA Region 9 Tap 

USEPA Region 9 Tap 

Range of Detects Detected ingestion Tier 1 
Water PRG 

Wafer PRG Federal MCL 
Detection Nondetects Concentration 

Concentrations 
Ingestion Tier 1 

Exceedances Exceedances 

!’ \ 

/i 

\._ /’ 

Federal MCL 
Exceedances 

Semivolatile Organics (pg/L) 
BENZALDEHYDE I l/3 I 1 J I IO-13 1 NTCOlGWTWOlOl-D [ 1 NA 0 360 I 0 NA 0 

IXFTHYI PHTHAI ATF l/Ii 37 .I 10.11 1 NTCO1GWTWOlOl-D 1 4 
-.- . -. ..-... - ~NAPHTHAI FNF 

I ..- 

I -.. - 1 I l/3 I 4.8 J ii-;; 1 NTC&GWTWOlOl-D 1 5 -, 

Polynuclear Aromatic Hydrocarbons (pg/L) 
Z-METHYLNAPHTHALENE t/13 1.4 0.95 - 1 NTCOlGWTWOlOl-D 1 NA 2 NA I 0 
ACENAPHTHENE l/13 0.21 J 0.95 - 1 NTCOlGWTWOIOl-D 0.2 420 0 37 0 NA 0 
ACENAPHTHYLENE 1113 5.4 0.95 - 1 NTCOlGWTWO101-D 5 NA 0 37 0 NA 0 
ANTHRACENE l/13 0.037 J 0.19 - 0.2 NTCOlGWTWOIOI-D 0.04 2100 0 180 0 NA 0 

BAP EQUIVALENT 13113 

I 
CARBAZOtE 1113 
FM JORANTHFNF I 111r3 --- . -..- .- 

FLUORENE 5113 

0.2 - 0.2 

0.16 J 3.4 0 NA 0 

nnm .I 0 150 0 NA 0 _._-_ _ 

NTCO1GWTWOlOl-D 0.2 NA 0 
NTCOlGWO4OI 0.04 280 

NTCOlGW0301, 
NTCOlGWTWOlOl, 
NTCOlGWTW0201, 

NTCOlGW0401, 0.2 NA 0 

NTCOlGWTWOlOl-D, 
NTCOI GW0601, 

NTCOlGWTW0301 

I I I 

NAPHTHALENE I 1113 I 6.3 J 0.95 - 1 1 NTC&GWTWOlOl-D 1 6 
PHFNANTHRFNF 1.1113 I 005R .I -0.35 I _- I NTCOl GWTWOI 01 I 0.1 I NA 

0.025 J - 0.23 J 0.19 NTCOlGWiWO101, - 0.2 NTCOlGWTWOtOl-D 0.07 280 0 24 0 NA 0 
140 2 NA 0 

0 18 0 NA 0 

PYRENE 
I 

3/13 

0 NA 0 

0.025 J - 0.043 J 0.19 0.2 ,YI”“IU”““-fYI, - 
NTCOlGWTWOiOl-D 

0.04 I 210 0 18 0 NA 0 

. _ ._._ -. ,.. ..“. 



TABtE 4-4 

SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARISONS FOR Rt GROUNDWATER DATA 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 2 OF 2 

Location with Maximum 
Average of 

Detected 
Illinois TACO GRO 

Illinois TACO GRO 

Concentration Ingestion Tier 1 
Ingestion Tier 1 

I Concentrations i Exceedances 
Parameter 

Frequency of 
Range of Detects 

Range of 

Detection Nondetects 

I I I I I I 
Metals @g/L) 

IALUMINUM 
I ARSENIC 

CALCIUM 
CHROMIUM 

I 8/13 
i/13 

1 68.9 - FJfTiO i 27.9 - 90.2 1 NTCOlGW0301 I 1530 I NA 

t t 2.4 - 3.3 1 1.7-3.3 I NT COlGW0301 ’ 2.7 50 

2000 2000 0 
I NILUlUWIWOSOl 

13113 14300 - 634000 -- NTCOlGW0601 176000 NA 

8f13 0.65 - 14.1 0.93 - 0.93 1 NTCOlGW0301 3.4 100 

COBALT 7113 3.1 - 12.1 0.53 - 0.92 N I CO1 tiWO601, 7.5 
NTCOlGW0801 

COPPFR I I 13.134 I n!w-7 I rcrcninwnmi I 

I NA I 

--. -.. ..- .-. * . . ..--.-..---. 
1300 0 

NTCOlGWTWOlOl 

25300 - 349000 NTCOlGW0601 
NTCOlGW0901 
hlTPn,f?\A,nCn, n NA 0 

IP~TASS~~ JM 
. - - -. .., 

I I.?/13 I isno- 47nnn .I I -- 
I i”I~“IUY”“““I I I .-- 

NTCOlGWTWOlOl 11600 NA I 0 I NA I 0 I NA 0 
1 hlTPn,c\nln,nt I ,r) , I 50 n 18 n xl I n 

tSELENtUM .-. .- .-_- .--_- _ 
I i/i.? I 17 1 I 18-4 I IY1I,I,*I1YY%,II,I II I I -_ 

50 I 0 I 4s I 0 L I in I 0 I 

ZINC 
Metals Filtered (ug 

.-. ..- ..-_.-...-._. 
SILVER 6113 0.32 - 1.6 0.3 - 0.67 1 NTCOIGW0801 I 0.8 I 
SODIUM 13113 16500 - 601000 __ I f,JTPnl C,A,nt.Xk, 1 ?Qnnn in I 0. I NA I 0 I NA 0 

VANADIUM 12/13 I .6 - 20.7 1.7 - 1. 8 NA 0 

iw0101 I 94.7 I 5000 I 0 I 1100 I 0 I NA -0 

. ..““IU”Y”““I I , LJ..l”“” I 
. .7 

-I 
NTCOlGW0301 5.8 49 0 

I 5% 1 273 -309 1 I 

! I t 
6.3- 19 NTCOI C 

-\ 

\ ,/ 

BARIUM - FILTERED 2/2 76.3 - 178 -- NTCOlGW0601 127 c!““” ” I LO” I I L”“” I ” 

CALCIUM - FILTERED 212 116000 - 645000 -- NTCOlGW0601 381000 NA 0 NA ; NA 0 

COBALT - FILTERED 212 5 - 8.5 __ NTCOlGW0601 6.8 1000 0 I 
I 

77 Z” I 
I 

n I 
I 

hlA . .‘ . I 
I 

n ” 

COPPER - FILTERED l/2 1.2 0.73 - 0.73 ,,JfCO,Q’“‘^“^’ lY”“0” I I .n IL I wm -.,., I n I 150 I 0 I 1300 0 

MAGNESIUM - FILTERED 2l2 I 17000 - 353000 _- NTCOI 6 iWO601 235000 NA I 0 NA 0 NA I 0 

2i2 165 - 293 -- NTCOlGW0601 I 229 2 :: 

NICKEL - FILTERED 2l2 12.2 - 23.4 -_ NTCOlGW0601 I 17.8 100 0 73 0 I NA I 0 

POTASSIUM - FILTERED 2l2 3650 - 10900 __ NTCOlGW0601 7280 NA . 0 NA 0 NA . 1 0 

SILVER - FtLTERED 212 0.59 - 0.73 -_ NTCOI GW0601 I 0.66 50 0 18 0 I NA I 0 

SODIUM - FILTERED 212 15300 - 629000 __ ,,JTCO’e3”‘“C”+ Inrlnnn NA 0 NA 0 NA 0 

VANADIUM - FILTERED 212 4.8 - 5.3 __ NTCOlGvvuuv, I J. I 
l”““““, I OLL”“” I .- 
.\fi,nCfl, E, 49 I 0 . 7 NA n 

FLASHPOINT (“F) I 111 I > 200 I -- I NTCOtGWTWOlOI I 200 I NA I 
TOTAL ORGANIC CARBON (ud 3t3 1.4-2.9 1 -_ NTCOlGW0501 2.1 NA NA I 

Miscellaneous Parameters 
NA ! NA ! NA ! NA ! NA 1 

NA I NA t NA I NA I 

J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
NA = No criterion available. 
The original and field duplicate samptes are counted as one sample in the frequency of detection. 

Shaded chemical name indicates that the maximum chemical concentration exceeded the TACO Groundwater Remediation Objective. 
Shaded criteria indicates that the maximum chemical concentration exceeded the associated criterion. 

Associated Samples: 
NTCOlGW0101 
NTCOlGWO101-D 
NTCOlGW0201 
NTCOlGW0301 
NTCOlGW0401 
NTCOlGW0501 

NTCOlGW0601 NTCOlGWTWOlOl:D 

NTCOlGW0701 NTCOlGWTW0201 

NTCOlGW0801 NTCOlGWTW0301 

NTCOlGW0901 NTCOlGWTW0401 

NTCOlGWl001 
NTCOlGWTW0l01 



TABLE 4-5 

SUMMARY OF ANALYTICAL RESULTS FOR SURFACE WATER SAMPLES 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 1 

Location NTCOlSWlSDOl NTCOlSWlSDM NTCOISWISDOB NTCOlSW/SDOB”’ NTCOlSW04 NTCOI SW05 
Sample date 12/17/2006 12/17/2006 12117/2006 12/17/2006 12/l g/2006 120 E/2006 . . . . - 

ganics @s/L) 
IROETHANE 1 u 1 u I 0.25 J 1 u 0.39 J I 0.21 J 
:HLOROETHENE ( 0.99 J I 1.1 1 I 1.2 I 1.7 1.6 

_ _ _ _ 
1,l -DICHL( 
as-1,2-DIG 
VINYL CHLORIDE 1 u 1 u- 1 u 0.25 J 0.34 J 1 u 

INDENO(1,2,3CD)PYRENE 1 0.041 J 0.049 J 0.038 J 0.056 J 0.029 J 0.032 J 
n, Ir-.,IA*IT, Inrhlr I .T.-. I I “A, I ..*, I I ^A-, I I ^1^ , I ^,* * i-mc,YnIY I nnC,YC 

PYRENE 
TOTAL PAHs EC0 
Dioxins/Furans (pg/L) 
1,2,3,4,6.7,8,9-OCDD 
TEQ FISH 
TEQ MAMMAL 

I “.I, J I u.14 J I “.I4 J I “.I, J I “.IL J L “.I3 J 
0.081 J 0.079 J 0.078 J 0.084 J 0.056 J 0.063 J 

1 1 1 1 OU ou 

29 u 26 U 22 u 30 u 44 u 130 
ou ou ou ou ou 0.013 
ou ou ou ou ou 0.039 

1 - Duplicate samples. 
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
U = The ./atue is iiOi detected at the repotted conceniration and is considered not present tn the sample. 
UJ = The nonetected value is considered to be a quantitative estimated due to technical noncompliances. 
Shaded chemical name /cell indicates that the concentration is greater than the TACO Groundwater Ingestion Tier 1 Criterion, 
Blank cells indicate that the sample was not analyzed for those parameters. 



TABLE 4-6 

SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARlSONS FOR RI SURFACE WATER DATA 

SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, tLLINOIS 

PAGE 1 OF 1 

Parameter 
Frequency of 

Range of Detects 
Detection --- 

Range of 

Nondetects 

Location with 

Maximum 

Concentration 

Average of 

Detected 

Concentrations 

Illinois TACO GRO 

Ingestion Tier 1 

Illinois TACO GRO 

Ingestion Tier 1 

Exceedances 

USEPA Region 9 Tap 
USEPA Region 9 Tap 

Water PRG Federal MCL 
Federal MCL 

Ecologicat Ecological 

Water PRG Exceedances 
Screening Screening Level 

Exceedances Level Ekeedances 

Volatile Organics (pg/L) 

l,l-DICHLOROETHANE 

CIS-t,2-DICHLOROETHENE 
m 315 0.21 J - 0.39 J l-1 700 0 81 0. NA 0 2000 0 

5/5 0.99 J-i.7 -_ NTCOl SW0400 1.3 70 

Poly nuclear Aromatic Hydrocarbons @g/L) 
I ‘CIC 3,3 

515 

BENi!O(A)PYRENE 315 
BENZO(B)FLUORANTH ENE I 315 

BENZO(G,H,I)PERYLENE 515 
CHRYSENE 415 

FLUORANTHENE 515 

FLUORENE 515 

I nnn.?n nnrn4r4 I “.““LJ - “.“3” I ‘t I __ 

0.153689 - 0.224234 -- 

0.035 J -0.039 J 0.2 - ( 

1 0.051 J - 0.065 J 1 0.2 - 

0.044 J - 0.065 J -- NTCOlSW0300-D 1 0.06 NA 0 
0.034 J - 0.041 J 0.2 - 0.2 NTCOlSW0300-D 1 0.04 1.5 0 9.2 

0.1 J -0.17 J __ NTCOl SW01 00 1 0.13 280 0 150 

0.021 J- 

NA L- O I NA I 0 I 
I “I * ” I -. .- 4 

0.036 J -- NTCOl SW0300-D 0.03 280 0 24 Yl t NA 0 3.9 0 

tNDENO(l,2,3-CD)PYRENE 515 0.029 J - 0.056 J __ NTCOlSW0300-D 0.04 0.43 0 0.092 0 NA 0 NA 0 

PHENANTHRENE 5t5 0.12 J-O.17 J 
NTCOlSWO100, __ 0.15 NA 0 18 0 NA 0 3.7 0 

NTCOlSW0300-D 
PYRENE 515 0.056 J - 0.084 J -- NTCOI SW0300-D 0.07 210 0 18 0 II 6 

I I I I NTCOlSWOlOO, I I t I I 
[TOTAL PAHS ECO I 315 I I 0-O 1 NTCOlSW0200, 1 I NA I 0 I NA I O I 

-* uioxms/rurans tpgk) 
1’ \ 1,2,3,4,6,7,8,9-OCDD l/5 130 22-44 NTCOlSW0500 130 NA 0 1500 0 NA 0 NA I 0 

\ j TEQ FtSH l/5 0.013 o-o NTCOISW0500 0.01 NA 0 NA 0 NA 0 s I OlOl@ 1 

TEQ MAMMAL II5 0.039 o-o NTCOlSW0500 0.04 NA 0 0.45 0 30 0 NA I 0 1 
Metals @g/L) 

ALUMINUM 

ANTIMONY 
BARIUM 

CALCtUM 
CHROMIUM 

COPPER 
tRON 

3t5 224 - 407 296-311 NTCOlSW0200 347.17 NA 

215 3.2 - 3.6 2.4 - 2.4 NTCOlSW0300 2.8 
515 48.8 - 52.4 -- NTCOlSW0500 50.4 2000 0 260 0 2000 0 5000 0 

515 83300 - 91300 __ NTCOI SW0400 86310 NA 0 NA 0 NA 0 I 16000 0 
215 1.2 - 1.4 0.54 - 1.7 NTCOl SW0500 1.3 100 0 11 0 100 0 11 0 

315 1.5-2.6 1.4- 1.4 NTCOl SW0500 1.97 650 0 150 0 1300 0 11.4 0 

. 515 462 - 677 -_ NTCOI SW01 00 571.5 5000 0 1100 0 NA 0 1000 0 

LEAD 315 2 - 2.1 1.8- j.8 NTCOtSWOl00, 
NTCOiSW0200 

2.07 7.5 0 NA 0 15 0 15.9 0 

MAGNESIUM 5t5 30400 - 33700 _- NTCOl SW0400 31700 NA 0 NA 0 NA 0 82000 0 

MANGANESE 515 69.2 - 86 -- NTCOlSW0400 76.73 150 0 88 0 NA 0 1000 0 

MERCURY 2L5 0.052 - 0.052 0.015 - 0.022 NTCOlSWOlOO, 
NTCOl SW0200 

0.05 2 0 1.1 0 2 0 1.1 0 

NICKEL 315 1.6-2.6 2.3 - 3 NTCOlSW0200 2.27 100 0 73 0 NA 0 5 0 

POTASStlJM 515 3440 - 3670 _- NTCOlSWOlOO 3561 NA 0 NA 0 NA 0 53000 0 
SODIUM 515 226000 - 253000 -_ NTCOlSW0500 236000 NA 0 NA 0 NA 0 680000 0 -a-- l ‘ 1 1 12 0 

- 
VANADtUM I 5/5 0.73 - 1.5 __ NTCOI SW01 00 1.11 49 0 I 3.6 0 NA I 0 20 0 
ZINC 115 18.7 17.2 - 18.7 NTCOlSW0500 18.7 5000 -. 0 1100 0 t NA 0 21.6 0 

J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
NA = No criterion available. 

The original and field duplicate samples are counted as one sample in the frequency of detection. 
Shaded chemical name indicates that the maximum chemical concentration exceeded the TACO Groundwater Remediation Objective. 

Shaded criteria indicates that the maximum chemical concentration exceeded the associated criterion. 

Associated Samples: NTCOl SWOlOO, NTCOlSW0200, NTCOl SWO300, NTCOlSW0300-D, NTCOI SWO400, NTCOI SW0500 



TABLE 4-7 

SUMMARY OF ANALYTICAL RESULTS FOR SURFACE SEDIMENT SAMPLES (0 TO 4 cm BGS) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 2 

FLUUKAN I KtNt I IYUU J I ,200u I 
FLUORENE 

PHENANTHRENE I 780 J 7600 I 

NE 39 J 
300 

“On I I NAPHTHHLwx IL” J 
PHENANTHRENE 2100 
PYRENE 3900 
TOTAL PAHS EC0 23000 
Organochlorine PesticidesiPCBs (&kg) 

14/l’-DDD I 5.5 J 

&iU J IZ”” ” 13u.l ” 
3100 460 1300 
4300 2700 1800 
25000 20000 16000 

17 J I I 11 J 1 -8L-I 
4$-DDE 10 J 32 18 J 
4,4’-DDT 4.9 J 4.9 J 7.4 J 
ALPHA-CHLORDANE 13 u 5.5 J 19 u 
DIELDRIN 13 u 23 U 4.4 J 
ENDOSULFAN II 13 u 23 U 4.8 J 
ENDRIN 13 u 23 U 6.7 J 
GAMMA-CHLORDANE 13 u 2.9 J 19 u 



TABLE 4-7 

SUMMARY OF ANALYTICAL RESULTS FOR SURFACE SEDIMENT SAMPLES (0 TO 4 cm BGS) 

SITE 1 -GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 2 OF 2 

- 

10 J I 9.4 J I 

45 I 4.6 I I 

TEQ MAMMAL 
TOTAL HPCDD 250 
TOTAL HPCDF 9.5 180 
TOTAL HXCDD 

I 
41 

I I 1.5 
4.1 6.2 6 6.3 

440 I 430 440 
170 170 

67 I 73 18 I 65 41 
50 39 

5 15 9.7 13 
1.2 1.3 u 
65 65 

“.‘Lt “II , c., J I “.LtJ J 
8.4 I 7.9 10.1 2.1 

I 52.7 I 40.1 I 48.3 I 71.3 I 55.2 
21400 28500 5290 

r. I ^^ 
I 34.1 I 31 I .m 

17800 J 1 25100 67100 
O<” I 1 mrl I ‘)c;7 JIL I .--- 1 L.2, 

0.13 J I 0.24 J I 0.015 u i 
234 29.4 I 5.6 

--_- 
I 213 I 213 304 I 400 I 

1 - Duplicate samples. 
J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance 
U = The value is not detected at the reported concentration and is considered not present in the sample, 
UJ = The nonetected value is considered 10 be a quantitative estimate due to technical noncompliances. 
Shaded chemical name /cell indicates that the concentration is greater than the TACO SRO Residential Ingestion criterion. 
Blank cells indicate that the sample was not analyzed for those parameters. 



TABLE 4-6 

SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARISONS FOR RI SURFACE SEDIMENT DATA (0 TO 4 cm BGS) 

SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, 1LLINOIS 

PAGE 1 OF 2 

, \ / \ 
F ) 

f i 

L.1 

Range of Detects 
Objective for Residential 

Properties - Ingestion 

USEPA Region 9 PRG - 

Residential Soil 

Ecological Screening Ecological Screening 
Level Exceedances 

Polynuclear Aromatic Hydrocarbons @g/kg) 
I2-METHYLNAPHTHALENE I wi 

.710 J-3100 J -- NTCOl SD0200 2100 
160 J 2500 - 4400 NTCOl SD0200 160 0 

780 J-7600 __ NTCOl SD0200 3800 2300000 0 230000 3 

1500 J-9300 f 2300000 0 __ NTCOI SD0200 5300 230000 4 

1200 - 1800 1 NTCOlSD0200 260 1600000 0 5600 0 l : 1 

NTCOl SD0200 260 4700000 0 370000 0 
240 23000000 0 2200000 0 

2500 - 2500 NTCOlSD0200 460 I 4700000 0 370000 I 0 
2500 - 4400 t NTCOISDO4OO t 87 A7nnnnn I n I 37nnnn n I t n I 

__ ( NTCOlSDOZOO 1 1600 I 9000 t 0 I 6200 I 0 I 8860 I 0 

__ 1 NTCOlSD0400 1 790 46000 0 35000 0 130000 0 I 

I ._ NTCOlSD0200 1 6700 3100000 I 0 I 230000 I 0 

ACENAPHTHYLENE 

67 J -500 -- NTCOl SD0200 . 

570.36 - 2823 __ NTCOI SD0300 
570.36 - 2823 -- NTCOI SD0300 

NTCOl SD0300 
NTCOl SD0300 

I~tNLU(ti,H,l)rtHYLENE 515 
--. .-- ..-. ..--. ..-. .-..- ! 260 -- NTCOl SD0300 1500 2300000 0 230000 0 

360 - 360 NTGOI SD0300 690 9000 0 6200 0 
380 - 1800 NTCOI SD0200 360 32000 0 24000 0 

-- NTCOI SD0300 1500 88000 0 62000 0 
. ! 190-I- -_ NTCOSSD0200 ‘@ 4 . 4 
I NTCOlSD0200 I 

39 J -260 J NTCOI SD0200 0 

300 - 1700 5 

120 J-660 J 0 

__ NTCOl SD0200 1500 2900000 0 230000 0 
NTCOI SD0200 

ITOTAL PAHS EGO 

2700 2300000 0 230000 0 

I 515 1 4641-25190 1 -_ NTCOiSD0200 18000 NA 0 NA 0 I NA 
Organochlorine Pesticides/PCBs (yg/kg) 

I 0 I 

- .* ^...._ 
4.4.-““LJ I 3t3 1 5.5J-17J [ -- NTCOI SD0200 11 3000 0 2400 0 
4,4,-DDE 313 I 10 J-32 I __ NTCOI SD0200 19 2000 0 1700 0 
4,4’-DDT I 313 1 4.9 J - 7.4 .I t __ 

5 J 5.i J- 
NTCOI SD0400 5.7 2000 0 1700 0 

(NE Al PHA-CHI ORIT .-. -. .- _.._, 213 - 1 13-19 NTCOl SD0200 5.3 1800 0 1600 0 

DLELDRIN l/3 4.4 J I 13-23 NTCOI SD0400 4.4 40 0 30 0 
ENDOSULFAN II l/3 4.2 J 13 23 - , NTCOlSD0400 , 4.2 470000 0 37000 0 
ENDRIN l/3 4.7 J 13-23 1 NTCOlSD0400 
GAMMA-CHLORDANE 

f 4.7 23000 0 1800 0 
113 2.9 J 13-23 1 NTCOlSD0200 1 2.9 1800 0 1600 0 

DioxinsiFurans lnolkol 

73nnnn 0 

~~~~~~~~~ -~-..- ,.. _._ , 

1,2,3,4,6,7,8,9-0CDD 313 1400 NTCOI SD0200, - 2300 -- 
NTCOlSD0400-D 

1900 NA 0 13000 0 NA 0 

1,2,3,4,6,7,8,9-OCDF 313 130 - 250 __ NTCOl SD0200 190 NA 0 13000 0 NA 0 

1,2,3,4,6,7,8-HPCDD 313 130 240 NTCOlSD0200, - __ 
NTCOlSD0400-D 

200 NA 0 390 0 NA 0 

1,2,3,4,6,7,8-HPCDF 313 30 - 65 __ NTCOI SD0200 53 NA 0 390 0 NA 0 1,2,3,6,7,8-HXCDD 313 5.2 J - 10 J __ NTCOl SD0400 
.8.3 

NA 
0 39 0 

NA 0 



TABLE 4-8 

1 ! 

Parameter 
Frequency of 

Detection 

t ,2,3,7&g-HXCDD 313 

2,3,7,&TCDD i/3 
2,3,7,8-TCDF 313 

TEQ BIRD 313 

TEQ FtSH 313 

TEQ MAMMAL 313 

TOTAL HPCDD 313 t 
TOTAL HPCDF 313 
TOTAL HXCDD 313 
TOTAL HXCDF 313 
TOTAL PECDF 313 
TOTAL TCDD 313 
TOTAI TCDF 

SUMMARY OF DESCRIPTIVE STATlSTlCS AND CRITERIA COMPARISONS FOR RI SURFACE SEDIMENT DATA (0 TO 4 cm BGS) 

SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 2 OF 2 

Range of Detects 

l------ 
Range of 

Nondetects 

Location with 

Maximum 

Concentration 

Average of 

Detected 

Concentrations 

TACO - Soil Remediation 
TACO - Soit Remediation 

Objective for Residential 
Screening Level Based on 

Screening Level Based on 

Objective for Residential 
Properties - Ingestion 

USEPA Region 9 PRG - 
USEPA Region 9 PRG - Ecological Screening Ecological Screening 

Properties - Ingestion 
Exceedances 

Residential Soil 
Residential Soil .Level Level Exceedances 

Exceedances 

6.8 J - 11 J 
NTCOlSD0400, -- 

NTCOlSDO400-D 
9 NA 0 39 0 NA 0 

I I I 

0.76 J 0.62 - 0.84 NTCOlSDOiOO 0.76 NA 0 3.9, 0 1 I 

1.3 J - 5.1 -- NTCOlSD0200 3.7 NA 0 39 
NTCOl SD0200, 

3-7 -- NTCOlSD0400, 5.7 0 
NTCOl SD0400-D NA NA 

1.502 - 1.591 __ NTCOl SD0200 1.6 NA 0 NA 
4.149 - 6.276 __ NTCOlSD0400-D 5.5 NA 0 

250 - 440 NTCOI SD0200, -- NTCOtSD0400-D 380 NA 0 NA 0 NA 0 

95 - 180 __ NTCOI SD0200 150 NA 0 NA 0 NA 0 
41-73 -- NTCOl SD0400 59 NA 0 NA 0 NA 0 
18 - 50 _- NTCOlSD0400 35 NA 0 NA 0 NA 0 
5- 15 __ NTCOl SD0200 10 NA 0 NA 0 NA 0 

1.2 - 4.3 __ NTCOlSDOlOO 2.4 NA 0 NA 0 NA 0 
18-77 _- NTCOI SD0200 53 NA 0 NA 0 NA 0 - 

1200, 
3400 1 

, . . a vv ,YY,400-D 1 
-- 

6.2 NA 0 

...--.---.-” I a..,. , I Y”” 

. . .-. . 
I .A.J , .JLJ” -LcJJ”” , __ NTCOlSD0400-D 17200 NA 

I FAil I I I __ 

IMAGNEWM 
NTCOl SD0300 40.4 I 

I 515 I 17800 J -67100 I -- NTr-W SWWln ?fibnn . - - - - - - - - -1.-- 0 0 
NTCOlSD0400-D 

I 
6 

I 
4 

MFRCI IRV A/c. nnr;a I-II? 1 I nn,E-nn,!z NTCOtSD0200 0.16 23 0 2.3 0 2 
NTCOlSD0400-D 17.7 1600 0 160 0 30 0 
..-^^l^^^.^^ - 

.^^^ 
NA 0 NA 0 NA 0 

I 9nn I,-, n I r)n .I* 

..-..--... 

NICKEL 
POTASSIUM 

SELENIUM 
SODIUM 

THALLIUM 
VANADIUM 
ZINC 
Miscellaneous Parameters fmalkol 

_I” V.““” ” - “.U Y “.“Id-“.“,.A 

515 5.6 - 29.4 __ 
515 297 - 1760 -- IV I LUl bUU4uU-LJ 1uzu 

315 1.4 2.5 - 0.26 - 0.35 NTCOl SD0400-D 7.8 
515 239 820 - _- NTCOlSD0400-D 507 
l/5 0.63 0.3 - 0.7 NTCOI SD0400 0.63 
5f5 4.9 31 - __ NTCOl SDO400-D 18.4 
515 158 - 400 - NTCOlSD0500 265 

OJ” 

NA 
6.3 
550 

23000 
ToTAL odGANld CARBoN \... 7 ..=, 

515 1 2200-54300 1 __ [ NTCOlSD0200 1 27246 I NA I 0 I NA I 0 I NA I 0 1 
J =The Value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
NA = No criterion available. 

Snaaecf chemical name indicates that the concentration is greater than the TACO SRO Residential Ingestion criterion. 
Shaded criteria indicates that the maximum chemical concentration exceeded the associated criterion. 

Associated Samples: NTCOlSDOlOO, NTCOlSD0200, NTCOlSD0300, NTCOiSD0400, NTCOlSD0400-D, NTCOiSD0500 



TABLE 4-9 

SUMMARY OF ANALYTICAL RESULTS FOR SUBSURFACE SEDIMENT SAMPLES (1 FOOT BGS) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 2 

IParameter 1 NTCOlSDOl 1 NTCOlSW/SDOS 1 NTCOISWISDOB 1 NTCOlSD04 1 NTC91SD96 1 

Organochlorine PesticideslPCBs (&kg) 
4,4’-DDD 
4,4,-DDE 
AROCLOR-1248 
ENDRIN ALDEHYDE 

86 J 
79 J 
820 

41 J 



TABLE 4-9 

SUMMARY OF ANALYTICAL RESULTS FOR SUBSURFACE SEDIMENT SAMPLES (1 FOOT BGS) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATfON GREAT LAKES, ILLINOIS 
PAGE 2 OF 2 

J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance. 
U = The value is not detected at the reported concentration and is considered not present in the sample. 
UJ = The nonetected value is considered to be a quantitative estimate due to technical noncompliances. 
Shaded chemical name/cell indicates that the concentration is greater than the TACO SRO Residential Ingestion criterion. 
Blank cells indicate that the sample was not analyzed for those parameters. 



TABLE 4-l 0 

SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARISONS FOR RI SUBSURFACE SEDIMENT DATA (1 FOOT BGS) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

I I I 
PAqlt-~F2 I I 

Parameter 
Frequency of Range of 

Detection Detects 

TACO _ soil Remediation TACO - Soil Remediation Screening Level Based on 

Range of 
Location with Average of 

Average of 
Screening Level Based 

USEPA Region 9 PRG - 

Nondetects 
Maximum Detected Objective for Residential 

Objective for Residential on USEPA Region g PRG, 
Residential Soil 

Concentration Concentrations 

All RaSUltS 

Properties - Ingestion 
Properties - Ingestion 

Exceedances 
Residential Soil 

Exceedances 
I I I I I I I I I I I I 
Semivolatile Organics (&kg) 

1”-METHYLNAPHTHALENE ) l/l ( 220 J 1 1 NTCOlSDOlOl 1 220 I nnr, I I n I I n 1 _. 

~ENAPHTHENE 1 i/l ( 1000 J 1 
~ACENAPHTHYLENE 1 111 1 79 J ._ 1 NTCOlSDOlOl 79 

370 1 370 1 1600000 I 0 I 5600 I 0 
260 1 790 1 4700000 0 370000 0 
400 I 400 I 23000000 I 0 I I 0 

BENLU(KJ~LUUHHN I nc~t 515 I”“- II”” _. 

CARBAZOLE 2//s 190 J-220 J 180-f 
CHRYSENE 515 160 - 3600 __ 

67-440 J 

nL”(o,“,l,rcnrLCIYr 513 I oL”-LJ”” , NTCOl SD01 01 1300 1300 2300000 0 230000 0 
..-,-.,.,.-* ,,~.....,-# ,-.,r I ?lr I .,.A 4-.n,. I NTCOlSDOlOl 730 730 9000 0 6200 0 

5800 NTCOl SD0301 210 770 32000 0 24000 0 
NTCOl SD01 01 1500 1500 88000 0 62000 0 

NTCOl SD01 01 

4 

(NAPH I HALtNt , 1su J ( It(“-33”” IIVIL,“lS”“J”I, 
I .._^  ̂ _^^^_^1 I PHENANTHRENE 1 515 1 loo- 5/uu 1 __ I N I ti”, SU”l”1 I Finn ,nnn mnnnnn 0 230000 n 

n\,nrl,r I c,c I ,-7n corm I 

,,v,,~ _I,.,.__ __ -,- I ---- ,.--- I 

&““- ---” , - -- - - - - 

r, “ClYC , ill2 , I I” - “DVV , ._ 1 NTCOlSDOlOl 1 2800 1 2800 1 2300000 I 0 I 230000 I 0 Trsrdl PANS Fc* I 5/< I 3309 - ‘l7wrl I . . 1 NTCOlSDOlOl 1 19000 I 19000 ) NA 0 NA 0 
Organochlorine Pesticides/PCBs (us/kg) 
4.4’.DDD 111 66 J ._ NTCOl SD01 01 86 86 3000 0 I 2400 I 0 
4,4,-DDE 111 79 J . . NTCOlSDOlOl 
AROCLOR-1248 l/l 820 . . NTCOl SD01 01 
ENDRIN ALDEHYDE l/l 41 J _. NTCOl SD01 01 41 41 23000 
Dioxins/Furans (ng/kg) 
1.2,3,4.6,7,8,9-OCDD I 111 1 7700 J 1 ._ NTCOlSDOlOl 7700 1 7700 NA I 0 I 13000 0 
1,2.3,4,6,7.6.9-OCDF 1 l/l I 330 I _. NTCOlSDOlOl 330 1 330 NA 0 

NTCOl SD01 01 580 1 580 NA ! 0 
I .,- ^_.̂ _ .̂ ^_ 

1,2,3,4,6,7&HPCDD 1 l/l I 580 I __ 
1,2,3,4,6,7,&HPCDF 1 111 99 __ , NIti”1SlJulu1, 99 1 99 1 NA I 0 I BY0 I 0 I 

- .-. ._ 



SUMMARY OF DESCRIPTIVE STATISTICS AND CRITERIA COMPARISONS FOR RI SUBSURFACE SEDIMENT DATA (1 FOOT BGS) 

SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

tz%cn, _, -, , - - -, I I,, 
I 

I- I(, , 
CT 
c)., 

I 
I 

__ 

TEQ BIRD 1 l/l I 9 __ 

TEQ FISH 

lT~0 MAMMAL 

I 111 I ?.nw I ._ 

I , 
1 

I 
1,2,3,4,7.8,9-HPCDF 111 ( 9 ._ NTCOl SD01 01 9.0 

^_^_. .._-- 
9.0 NA 0 

NTCOlSDOlOl 
390 

23 23 NA 
0 

0 39 
,.,_ .._ -_ ,, I... ” __ 

NTCOlSDOlOl 7.4 7.4 
NA 

0 
0 

NTCOl SD01 01 5.7 39 
5.7 NA 

0 
0 

NTCO1SDO101 39 9.0 9.0 
NA 

0 
0 

NTCOlSDOlOi 
NA 3.1 3.1 NA 0 

NTCOl SW1 01 0 NA 13 
13 NA 0 c I i/l 1 12.899 

TOTAL 

1 

HPCDD 1 l/l 1 
TOTAL HPCDF 

1100 I 

1 111 I 5lO- I ==fzE% - k 1100 

510 F NA I 0 I NA I 0 
NA 0 NA 0 (TOTAL Ye..-. HXCDD ,.,,-._- 1 iii 1 120 I ..I. __ 1 NTCOl SW1 01) 120 120 NA 

I ” I AL rlAL”P 1 111 ( 110 
TOTAL PECDF 

I __ 

) l/l I 
1 NTCOlS DO101 I 

0 NA 110 110 I NA I 0 

29 1 NTCOl SD01 01 I 0 NA 
_. 29 

TOTAL TCDn I 1H I 

29 NA 0 

I 
0 

NTCOI RnOl 01 2.4 2.4 NA n 
I NA I 0 I 

( NTCOlSDO4ul I 7400 7400 NA 

0.43 ( NTCOl SD0401 I 
1 I 0 

1.3 1 0.62 1 31 

I 
0 

td‘rcmann~0l 7.9 I 7.9 I NA I n 

iDO 1 62.6 62.6 1 400 I 0 

;DO4ul 1120 1120 NTCOiSD0401 NA 0 NA 1.3 1.3 
390 0 

I 0 I 

NTCOlSD0301 0.39 0.23 390 0 
NA 0 

0.32 -- 6.3 0 
.,3-r*, c -. 8 ,D04u1 , 20.8 1 20.8 1 550 I 0 

273 ( 273 1 23000 I 0 

I V.03 1 “..JJ-“., IP 

VANADIUM 1 515 1 17-26.4 1 __ h,,,,, 
ZINC 1 515 1 136-439 I . . 

Miscellaneous Parameters (mg/kg) 
1 NTCOl SD0101 I 

[TOTAL ORGANIC CARBON 1 515 1 18100-54400 1 __ 1 NTCOlSD0501 I 34660 ) 34660 ) NA I 0 I NA I 0 

J =The value is considered a quantitative estimate because it was less than the reporting limit or because of another technical noncompliance 

NA = No criterion available. 
The original and field duplicate samples are counted as one sample in the frequency of detection. 
Shaded chemical name indicates that the concentrabon is greater than the TACO SAO Residential Ingestion criterion. 
Shaded criteria indicates that the maximum chemical concentration exceeded the associated criterion. 

Associated Samples: NTCOlSDOlOl, NTCOlSD0201, NTCOlSD0301. NTCOlSD0401. NTCOlSDO5Ot 
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5.0 CHEMICAL FATE AND TRANSPORT ANALYSIS 

Knowledge of a contaminant’s potential to migrate and persist in an environmental medium is critical 

when evaluating the potential for a chemical to elicit an adverse human health or ecological effect. This 

section contains information on various aspects of contaminant fate and transport and the chemical 

properties affecting contaminant migration at Site 1. Section 5.1 contains a general discussion of the 

various chemical and physical properties of significant contaminants detected in the media. Section 5.2 

reviews the various contaminant transport pathways. Section 5.3 presents a brief discussion of 

contaminant persistence in the environment, and Section 5.4 presents a summary of contaminant 

migration. 

5.1 CHEMICAL AND PHYSICAL PROPERTIES IMPACTING FATE AND TRANSPORT 

Table 5-l presents the physical and chemical properties of the organic compounds detected at Site 1. 

Environmental fate and transport characteristics of inorganics detected at Site 1 are provided in Table 

5-2. These properties can be used to determine the environmental mobility and fate of site contaminants. 

The properties of interest include the following: 

l Specific gravity 

l Vapor pressure 

l Water solubility 

l Octanol/water partition coefficient (K,,) 

l Organic carbon partition coefficient (K,,) 

l Henry’s Law constant 

l Bioconcentration factor (BCF) 

. Distribution coefficient 

l Mobility Index (Ml) 

Empirically determined literature values of the water solubility, K,,, K,,, vapor pressure, Henry’s Law 

constant, BCF, and specific gravity are presented, when available. Calculated values obtained using 

approximation methods are presented when literature values are not available. A discussion of the 

environmental significance of each of these parameters follows. 
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5.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature. A chemical’s specific gravity determines 

whether it will float or sink if it is present in water as a pure chemical or at very high concentrations. 

Chemicals with specific gravities greater than 1 tend to sink, whereas chemicals with specific gravities 

less than 1 tend to float. This parameter becomes important in discussions regarding the potential 

presence of free product in non-aqueous-phase liquids. As shown in Table 5-1, some of the VOCs 

(ketones and some monocyclic aromatics [toluene]) have specific gravities less than 1; however most 

chemicals detected at Site 1, including other VOCs (halogenated aliphatics), PAHs, PCBs, phthalate esters, 

and pesticides, have specific gravities greater than 1. 

5.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. 

It is of primary importance at environmental interfaces such as surface soil/air and surface water/air. 

Volatilization is not as important when evaluating contaminated groundwater and subsurface soils that are 

not exposed to the atmosphere. Vapor pressures for VOCs and nitrogen-containing compounds are 

generally many times higher than vapor pressures for PAHs, pesticides, and PCBs. Chemicals with 

higher vapor pressures are expected to enter the atmosphere much more readily than chemicals with 

lower vapor pressures. Volatilization is a significant loss process for VOCs in surface water or surface 

soil. Volatilization is not significant for inorganics. Surface water and surface sediments at Site 1 do not 

contain high concentrations of VOCs; therefore, volatilization may not be an important loss mechanism at 

Site 1. 

5.1.3 Water Solubilitv 

The rate at which a chemical is leached from soil or solid wastes by infiltrating precipitation is proportional 

to its water solubility. More soluble chemicals are more readily leached from soil than less soluble 

chemicals. VOCs are usually several orders of magnitude more water soluble than PAHs, pesticides, and 

PCBs. 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.). Their solubility is also dependent on pH, Eh (oxidation-reduction potential), 

temperature, and other ionic species in solution (the Debye-Huckel theory). The solubility products 
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reported in the literature vary with the type of complex formed, but generally it can be noted that, for 

example, cadmium and copper complexes are more soluble than lead and nickel complexes. 

5.1.4 OctanoWater Partition Coefficient 

The K,, is a measure of the equilibrium partitioning of chemicals between octanol and water. A linear 

relationship between the K,,., and the uptake of chemicals by fatty tissues of animal and human receptors, 

the BCF, has been established (Lyman et al., 1990). The K,, is also used to estimate BCFs in aquatic 

organisms. It is useful in characterizing the sorption of compounds by organic soils where experimental 

values are not available. Pesticides and PCBs are several orders of magnitude more likely to partition to 

fatty tissues than the more soluble VOCs. 

5.1.5 Orsanic Carbon Partition Coefficient 

The K,, indicates the tendency of a chemical to adhere to soil particles containing organic carbon. 

Chemicals with high k6, values generally have low water solubilities and vice versa. This parameter may 

be used to infer the relative rates at which more mobile chemicals (ketones, monocyclic aromatics, and 

halogenated aliphatics) are transported in groundwater. Chemicals such as most pesticides, PAHs, and 

PCBs are relatively immobile in the soil and are preferentially bound to soil. These compounds are not 

subject to groundwater transport to the extent that compounds with higher water solubilities are. 

However, these immobile chemicals are easily transported by erosional processes when they are present 

in surface soils. 

5.1.6 Henrv’s Law Constant 

Both the vapor pressure and the water solubility help determine volatilization rates from surface water 

bodies and groundwater. The ratio of these two parameters, the Henry’s Law constant, is used to 

calculate the equilibrium chemical concentrations in the vapor (air) phase versus the liquid (water) phase 

for the dilute solutions commonly encountered in environmental settings. In general, chemicals having a 

Henry’s Law constant of less than 1 x low5 atm-m3/mole, such as pesticides and PCBs, should volatilize 

very little and be present only in minute amounts in the atmosphere or soil gas. For chemicals with a 

Henry’s Law constant greater than 5 x 10” atm-m3/mole, such as many VOCs (halogenated aliphatics), 

volatilization and diffusion in soil gas could be significant. 
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5.1.7 Bioconcentration Factor 

The BCF represents the ratio of aquatic-animal-tissue concentration to water concentration. The ratio is 

both contaminant- and species specific. When site-specific values are not measured, literature values 

are used or the BCF is derived from the K,,. Many pesticides, PCBs, and PAHs will bioconcentrate at 

levels three to five orders of magnitude greater than those concentrations found in the water, whereas 

VOCs and nitrogen-containing compounds are not as readily bioconcentrated. 

5.1 .a Distribution Coefficient 

The distribution coefficient (&) is a measure of the equilibrium distribution of a chemical or ion in 

soil/water systems. The distribution of organic chemicals is a function of both the K,, and the amount of 

organic carbon in the soil. For ions (e.g., metals), & is the ratio of the concentration adsorbed on soil 

surfaces to the concentration in water. K,, for metals vary over several orders of magnitude because the 

Kd is dependent on the size and charge of the ion and the soil properties governing exchange sites on soil 

surfaces. Coulomb’s Law predicts that the ion with the smallest hydrated radius and the. largest charge 

will be preferentially accumulated over ions with larger radii and smaller charges. 

5.1.9 Mobilitv Index 

The Ml is a quantitative assessment of mobility that uses water solubility, vapor pressure, and the K,, 

(Laskowski, 1983). It is defined as: 

Ml = log ((water solubility * vapor pressure)/K,,) 

A scale to evaluate Ml as presented by Ford and Gurba (1994) is as follows: 

Relative Ml 

>5 

0 to 5 

-5 to 0 

-10 to -5 

< -10 

Mobilitv Description 

extremely mobile 

very mobile 

slightly mobile 

immobile 

very immobile 

Of the chemicals detected at Site 1, chlorinated solvents and ketones generally have MIS greater than 5 

and are considered extremely mobile. Lighter molecular weight PAHs, such as naphthalene, have MIS 
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ranging form -5 to 0 and are considered slightly mobile and the heavier molecular weight PAHs (e.g., 

BaP) are classified,as very immobile, with MIS less than -10. The MIS of phthalate esters detected at Site 

1 range from -0.73 (diethylphthalate) to -15.22 (di-n-octylphthalate) and are therefore classified as slightly 

mobile to very immobile. The MIS of pesticides detected at Site 1 range from -0.637 (delta-BHC) to -15.8 

(DDT), with most of the pesticides having MIS less than -10. Therefore, pesticides are generally 

considered to be very immobile in soil. The MIS of PCBs are less than -10, and these chemicals are 

classified as very immobile. The MIS for chemicals detected at Site 1 are presented in Table 5-1. 

5.2 CONTAMINANT TRANSPORT PATHWAYS 

This section presents a brief overview of contaminant fate and transport issues at Site 1. Based on the 

evaluation of existing conditions at Site 1, the following potential contaminant transport pathways have 

been identified: 

. Leaching of soil contaminants to groundwater 

l Migration of groundwater contaminants 

l Leaching of sediment contaminants to surface water 

. Migration of contaminants in surface water 

. Erosion and runoff of contaminated soil and deposition in surface water bodies. 

5.2.1 Leachinq of Soil Contaminants to Groundwater 

Contaminants that adhere to soil particles or have accumulated in soil pore spaces can leach and migrate 

vertically to groundwater as a result of infiltration or precipitation. The rate and extent of this leaching are 

influenced by the depth of the water table, amount of precipitation, rate of infiltration, physical and 

chemical properties of the soil, and physical and chemical properties of the contaminant. 

5.2.2 Miqration of Groundwater Contaminants 

Contaminants can migrate in either a dissolved phase or as an immiscible liquid. A contaminant that is 

present in water above its solubility concentration will form an immiscible liquid. Based on the specific 

gravity of the contaminant, it will either float or sink in the water. In the case of chlorinated solvents 

(e.g., chlorobenzene), the contaminant will sink in the water because it has a higher specific gravity than 

water. Subsurface transport of the immiscible contaminants is governed by a set of factors different from 

those of dissolved contaminants. However, none of the chemicals detected in groundwater at Site 1 were 

at concentrations approaching or exceeding solubility levels. Therefore, transport of chemicals in site 
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groundwater is likely to occur in the dissolved phase. Contaminants in the dissolved phase may volatilize 

from groundwater to air, evaporate directly into air, or sorb from groundwater to solid surfaces. 

Contaminant concentrations may be affected by one or more mechanisms during transport. Volatilization 

or precipitation may physically transform contaminants, or they may be chemically transformed through 

photolysis, hydrolysis, or oxidation-reduction. Contaminants may also be biologically transformed by 

biodegradation. Additionally, contaminants may accumulate in one or more media. 

After a chemical is dissolved in groundwater, three general processes govern the migration of dissolved 

constituents: advection, dispersion, and retardation. Advection is a process by which solutes are carried 

by groundwater movement. Dispersion is a mixing of contaminated and uncontaminated water during 

advection. Retardation is a slowing of contaminant migration caused by the reaction of the solute with the 

particulate matter in the aquifer matrix. 

5.2.3 Leachinq of Sediment Contaminants to Surface Water 

Contaminants that adhere to sediment particles or have accumulated in sediment pore spaces can leach 

and migrate to surface water. The rate and extent of this migration are influenced by the physical and 

chemical properties of the soil and the physical and chemical properties of the contaminant. 

Site lsurface water and sediment data discussed in Section 4.0 appear to indicate that sediment 

contaminants are not leaching to surface water bodies within Site 1. 

5.2.4 Miqration of Contaminants in Surface Water 

Contaminants in surface water can migrate as dissolved constituents in the direction of surface water 

flow. Three general processes govern the migration of dissolved contaminants caused by the flow of 

water: movement caused by the flow of surface water, movement caused by the irregular mixing of 

water, and chemical mechanisms occurring during the movement of surface water. In addition, sediment 

particles can disassociate from sediment into surface water and migrate by one of the aforementioned 

methods. 

5.2.5 Erosion and Runoff of Contaminated Soil and Deposition in Surface Water Bodies 

Chemicals adhering to particulate matter in soil (or sediment) may migrate by erosional processes, such 

as rainwater runoff, to drainage ditches or nearby streams. This is a potentially important migration 
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mechanism for environmentally immobile chemicals (i.e., PAHs, PCBs, pesticides, and metals) that tend 

to bind to soil and sediment. The contaminated soil (or sediment) particles may be moved by runoff or the 

intermittent flow in drainage ditches and be deposited in nearby streams. Sediment data from samples 

collected from water bodies in Site 1 indicate that erosional processes may have contributed to the 

presence of PAHs, PCBs, pesticides, and metals at this site. 

CHEMICAL PERSISTENCE 

The persistence of various classes of chemicals is discussed in this section. Several transformation 

mechanisms affect chemical persistence, such as hydrolysis, biodegradation, photolysis, and oxidation- 

reduction reactions. The following general classes of compounds are discussed: 

Ketones (e.g., 2-butanone and acetone) 

Monocyclic aromatics (e.g., phenol and toluene) 

Halogenated aliphatics (e.g., chlorobenzene and methylene chloride) 

PAHs (e.g., naphthalene, BaP, and pyrene) 

Phthalate esters [e.g., bis(2-ethylhexyl)phthalate] 

Pesticides (e.g., dieldrin, DDT and metabolites, and chlordanes) 

PCBs (e.g., Aroclor-1248, Aroclor-1254, and Aroclor-1260) 

Dioxins as 2,3,7,8-TCDD 

Metals 

5.3.1 Ketones 

Ketones are highly volatile and soluble, and these two characteristics dominate the fate of these 

compounds in the environment. Hydrolysis is generally not a significant fate process for this class of 

chemicals, nor is bioconcentration significant, based on the low Kows (Howard, 1990). 

Acetone is completely miscible in water and is unlikely to adsorb to soil or sediments or bioaccumulate. It 

has a high vapor pressure and, once released to the air, photolysis and reaction with hydroxyl radicals 

result in an average half-life of 22 days (Howard, 1990). 

2-Butanone (methyl ethyl ketone) may be removed from soil by direct photolysis, volatilization, or aerobic 

biodegradation. It is also susceptible to leaching and may be found in groundwater. If released to surface 

water, it is subject to direct photolysis and has an estimated atmospheric half-life of about 14 days. 
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2-Butanone does not significantly bioconcentrate or adsorb to soil and is expected to biodegrade under 

aerobic and anaerobic conditions (TOXNET, July 2006). 

5.3.2 Monocvclic Aromatics 

Monocyclic aromatic compounds such as phenol are not considered to be persistent in the environment, 

particularly compared to chemicals such as PAHs and pesticides. Monocyclic aromatics are subject to 

degradation via the actions of both soil and aquatic microorganisms. The biodegradation of these 

compounds in the soil matrix is dependent on the abundance of microflora, macronutrient availability, soil 

reaction (pH), temperature, etc. 

Although these compounds are amenable to microbial degradation, it is not anticipated that degradation will 

occur at an appreciable rate, although macronutrient availability is not known. In the event that these 

compounds discharge to surface water bodies, volatilization and biodegradation may occur relatively rapidly. 

For example, a reported first-order biodegradation rate constant for benzene is 0.11 day-’ in aquatic 

systems (Lyman et al., 1990). This corresponds to an aquatic half life of approximately 6 days. Other 

monocyclic aromatics are subject to similar degradation processes in aquatic environments (USEPA, 

December 1982). 

Additional environmental degradation processes, such as hydrolysis and photolysis, are considered to be 

insignificant fate mechanisms for monocyclic aromatics in aquatic systems (USEPA, December 1982). 

However, some monocyclic aromatics such as toluene have been shown to undergo clay-, mineral-, and 

soil-catalyzed oxidation (Dragun, 1988). 

5.3.3 Haloqenated Aliphatics 

In general, halogenated aliphatic hydrocarbons are subject to abiotic dehydrohalogenation. This process 

is an elimination reaction that results in the formation of an ethene from a saturated halogenated 

compound. Research indicates that microbial degradation of highly chlorinated ethanes is a relatively 

slow process. Hydrolysis, photolysis, and oxidation are generally not considered to be significant fate 

processes for chlorinated ethanes. 

Under certain conditions, volatilization is a significant fate process for these compounds. Volatilization is 

only significant at the air-soil or air-water interface. Compounds such as chloroform and methylene 

chloride volatilize rapidly to the atmosphere from soil or surface water due to low adsorption properties. 
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Adsorption should not be considered as an important fate for these types of compounds when compared 

to more hydrophobic compounds. BCFs indicate that these compounds should not bioaccumulate. 

Photolysis is not considered to be a relevant degradation mechanism for this class of compounds. 

Limited hydrolysis of saturated aliphatics (i.e., alkanes) may occur, but it does not appear to be a 

significant degradation mechanism for unsaturated species (i.e., alkenes) (USEPA, December 1982). 

5.3.4 PAHs 

PAHs have very low solubilities, vapor pressures, and Henry’s Law constants and high Kocs and K,,s. As 

discussed in Section 5.1.9, the lower molecular weight PAHs (e.g., acenaphthene, anthracene, fluorene, 

phenanthrene) are more environmentally mobile than the higher-molecular-weight PAHs and are more 

likely to leach to groundwater. The high molecular weight PAHs [e.g., BaP, benz(a)anthracene, 

chrysene, etc.] are less mobile and tend to adhere to soil particles. Therefore, PAHs in soil are much 

more likely to bind to soil and be transported via mass transport mechanisms than to go into solution. 

PAHs are subject to degradation via aerobic bacteria but may be relatively persistent in the absence of 

microbial population or macronutrients such as phosphorus and nitrogen. 

Bioconcentration of PAHs in aquatic organisms is greater for the higher molecular weight compounds 

than the lower molecular weight compounds. PAHs can be bioaccumulated from water, sediments, or 

lower organisms in the food chain. 

Landspreading applications have indicated that PAHs are highly amenable to microbial degradation in 

soil. The rate of degradation is influenced by temperature, pH, oxygen concentrations, initial chemical 

concentrations, and moisture. Photolysis, hydrolysis, and oxidation are not important fate processes for 

the degradation of PAHs in soil (ATSDR, April 1989). 

The most important fates of PAHs in water are photooxidation, chemical oxidation, and biodegradation. 

PAHs do not contain functional groups that are susceptible to hydrolytic action, and hydrolysis is 

considered to be an insignificant degradation mechanism. The rate of photodegradation is influenced by 

water depth, turbidity, and temperature. BaP and chrysene are reported to be resistant to 

photodegradation. PAHs may also be oxidized by chlorination and ozonation and may be metabolized by 

microbes under oxygenated conditions (ATSDR, April 1989). 

XXXXXxfP 5-9 CT0 0013 



Naval Station Great Lakes 
RVRA Site 1 
Section: 5.0 
Revision: 0 

Date: June 2007 
Page: 10 of 15 

5.3.5 Phthalate Esters 

Phthalate esters are considered to be relatively persistent chemicals in the environment. Although 

numerous studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is 

a slow process in both soil and water. Certain microorganisms have been shown to excrete products that 

increase the solubility of phthalate esters and enhance their biodegradation (Gibbions and Alexander, 

1989). 

Biodegradation of bis(2-ethylhexyl) phthalate and di-n-butyl phthalate in water is an important fate 

mechanism. However, hydrolysis of bis(2-ethylhexyl) phthalate is very slow, with a calculated half-life of 

2000 years. In soil, microorganisms appear to be capable of degrading di-n-butyl phthalate rapidly. 

Bioaccumulation is also a significant fate process. Photolysis and volatilization are considered to be 

insignificant degradation mechanisms for phthalate esters (USEPA, December 1979; Howard, 1989). 

5.3.6 Pesticides 

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for 

these chemicals. Surface soil runoff may carry pesticides to adjacent surface water bodies where they 

are likely to settle in the sediment. Bioconcentration of pesticides in the food chain is another important 

fate mechanism. Hydrolysis, oxidation, and photolysis are not generally important fate mechanisms for 

pesticides in soil or water. Hydrolysis half-lives for several pesticides are reported in periods of months to 

years (USEPA, December 1979). Some of the more common pesticides used in the past are discussed 

below. 

. 4,4’-DDT and its metabolites are considered to be persistent chemicals. They undergo extensive 

adsorption to soil and are not highly soluble. Biodegradation may occur under both aerobic and 

anaerobic conditions in the presence of certain soil microorganisms. Under aerobic conditions, 

4,4’-DDT may be transformed to DDE, and under anaerobic conditions, 4,4’-DDD may result. 

These compounds are, however, somewhat volatile, with a reported half-life of 100 days for 

4,4’-DDT. They are highly lipophilic and therefore readily bioaccumulate (ATSDR, October 1992). 

4,4’-DDT is no longer produced in the United States. 

. Aldrin is readily converted to dieldrin. Dieldrin is a particularly persistent pesticide but is no longer 

registered for general use. In soil, dieldrin will persist for long periods (more than 7 years) and may - 
slowly evaporate. It does not readily leach to groundwater. Once in surface waters (via runoff), 
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dieldrin adsorbs strongly to sediments and bioconcentrates and slowly photodegrades. 

Biodegradation and hydrolysis are not significant (Howard, 1991 and ATSDR, February 1992). 

. Endrin and its metabolites are no longer produced or used in the United States. These 

compounds will remain in soil and do not leach significantly, with half-lives of more than 14 years in 

soil. One common transportation and degradation mechanism is photochemical degradation. In 

water, endrin would not be expected to biodegrade or hydrolyze to any significant extent and 

therefore will bioconcentrate in aquatic organisms (USEPA, 1985). 

. Chlordane is extremely persistent in the environment and in some soils may persist for greater than 

20 years. Volatilization is an important removal mechanism in water and soil. Leaching to 

groundwater may occur at sites with high levels of organic solvents. 

. Heptachlor was restricted to underground termite control in 1983. Heptachlor epoxide is formed by 

the biological transformation of heptachlor in the environment. These compounds sorb strongly to 

soil. Heptachlor is subject to biodegradation (forming heptachlor epoxide, which is highly resistant 

to biodegradation) and hydrolysis. Bioconcentration of both compounds is significant, and 

volatilization and photolysis are very slow (Howard, 1991). 

53.7 PCBs 

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known 

to transform PCBs under environmental conditions, and only the lighter compounds are measurably 

biodegraded. Although some fungi (e.g., Phanaerochaete chrysosporium) may biodegrade PCBs, such 

fungi may not exist in local soil. There is experimental evidence to suggest that heavier PCBs (five or 

more chlorines per molecule) can undergo photolytic degradation, but there are no data to suggest that 

this process operates under environmental conditions. Base-, acid-, and neutral-promoted hydrolysis are 

considered to be inconsequential degradation mechanisms for PCBs (USEPA, December 1982). 

5.3.8 Dioxins as 2,3,7,8-TCDD 

2,3,7,8-TCDD is usually released to the environment primarily through emissions from the incineration of 

municipal and chemical wastes, in exhaust from automobiles using leaded gasoline, and from the 

improper disposal of certain chlorinated chemical wastes. If released to the atmosphere, vapor-phase 

TCDD may be degraded by reaction with hydroxyl radicals and direct photolysis. Particulate-phase 

TCDD may be physically removed from air by wet and dry deposition. If released to water, TCDD will 
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predominantly be associated with sediments and suspended material. TCDD near the water’s surface 

may experience some photodegradation. Partitioning from the water column to sediment and suspended 

material will occur. Volatilization from the water column may be important, but adsorption to sediment will 

limit the overall rate by which TCDD is removed from water. The half-life of TCDD in lakes has been 

estimated to be in excess of 1.5 years. Bioconcentration in aquatic organisms has been demonstrated. If 

released to soil, TCDD is not expected to leach. Photodegradation on terrestrial surfaces may be an 

important transformation process. Volatilization from soil surfaces during warm conditions may be a 

major removal mechanism. The persistence half-life of TCDD on soil surfaces may vary from less than 1 

year to 3 years, but half-lives in soil interiors may be as long as 12 years. Screening studies have shown 

that TCDD is generally resistant to biodegradation. The major route of exposure to the general 

population results from incineration processes and exhausts from leaded gasoline engines (TOXNET, 

July 2006). 

5.3.9 lnorqanics 

lnorganics (metals) are highly persistent environmental contaminants. They do not biodegrade, 

photolyze, hydrolyze, or otherwise breakdown. The major fate mechanisms for metals are adsorption to 

the soil matrix (as compared to being part of the soil structure) and bioaccumulation. 

The mobility of metals is influenced primarily by their physical and chemical properties, in combination 

with the physical and chemical characteristics of the soil matrix. Factors that assist in predicting the 

mobility of inorganic species are the soil/pore water pH, soil/pore water (Eh), and cation exchange 

capacity. The mobility of metals generally increases with decreasing soil pH and cation exchange 

capacity (see Table 5-2). 

5.4 CONTAMINANT FATE AND TRANSPORT 

This section focuses on some of the fate and transport issues associated with the major types of 

contaminants found at the site. 

5.4.1 vocs 

VOCs are typically considered to be fairly soluble with a low capacity for retention by soil organic carbon; 

therefore, these are the organic compounds most frequently detected in groundwater and surface water. 

VOCs may migrate through the soil column as infiltrating precipitation solubilizes them after they were 

released through a spill or subsurface waste burial. Some fraction of these chemicals is retained by the 

xxxxxx/P 5-12 CT0 0013 



Naval Station Great Lakes 
RVRA Site 1 
Section: 5.0 
Revision: 0 

Date: June 2007 
Page: 13 of 15 

soil, but most continues migrating downward to the water table. In the groundwater, VOCs migrate 

primarily laterally, with the hydraulic gradient. Again, some portion may be retained by the saturated soil. 

Compounds such as toluene have specific gravities less than that of water. If a spill is large enough, 

these compounds may move through the soil column as bulk liquids until they reach the water table. 

Therefore, instead of going into solution, the majority of the release may remain as a discrete layer on top 

of the water table, with some going into solution at the water/contaminant interface. 

Compounds with specific gravities greater than that of water (e.g., methylene chloride) are often used in 

industrial applications such as degreasing. If a spill of these solvents is large enough, they may also 

migrate as bulk liquids but will not stop at the water table (i.e., they will mix and sink into the aquifer). 

Low concentrations of various VOCs were detected in subsurface soil, groundwater, and surface water 

samples collected at Site 1. No VOCs were detected in sediment samples collected. As expected, the 

data indicate that the VOCs detected have a low capacity for retention by soil organic carbon. and VOCs 

were more often detected in groundwater and surface water samples. These data indicate that there is 

no appreciable migration of VOCs from surface to subsurface sediments. Because there is little 

migration, it also stands to reason that the sediment is not the source of VOCs in groundwater and 

surface water in this area. Conversely, groundwater or surface water is not the source of the VOCs in the 

surface sediment samples. 

5.4.2 PAHs 

PAHs are generally considered to be fairly immobile in the environment. They are large molecules with 

high Kocs and low solubilities when compared to VOCs. These compounds generally do not migrate 

vertically through soil to a great extent. Instead, they are more likely to adhere to soil particles and be 

transported with the soil particles via surface runoff and erosional processes. Their limited presence in 

sediment may be a result of surface erosion, and their absence in surface water is consistent with their 

ability to bind to soil and sediment. 

Although low concentrations of PAHs were detected in groundwater and surface water at Site 1, PAHs 

were detected more frequently and at higher concentrations in subsurface soil and sediment samples. 

This is consistent with the fact that PAHs are fairly immobile in the environment. The presence of the 

PAHs in sediment samples may be attributable to soil erosion and roadway runoff and deposition of the 

material in the surface water body or it may be attributable to increased vehicle traffic in the area of Site 

1. 
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5.4.3 Pesticides 

Like PAHs, pesticides as a class are not considered to be very mobile in the environment. These 

chemicals, upon application or disposal, tend to remain fixed to soil particles. Migration of pesticides 

occurs primarily by erosion, which can account for their presence in sediment. 

No pesticides were detected in groundwater or surface water samples; however, pesticides were 

detected in subsurface soil samples, surface sediment samples, and subsurface sediment samples. This 

is consistent with the fact that pesticides are fairly immobile in the environment. The presence of the 

pesticides in sediment may be due to soil erosion and deposition in the surface water body. 

5.4.4 PCBs 

PCBs are considered to be very persistent organic chemicals. Biodegradation is the only process known 

to transform PCBs under environmental conditions, and only the lighter compounds are measurably 

biodegraded (USEPA, December 1979). Base-, acid-, and neutral-promoted hydrolysis are considered to 

be inconsequential degradation mechanisms for PCBs (USEPA, December 1982). 

PCBs were detected in subsurface soil and subsurface sediment samples collected at Site 1. The 

presence of PCBs in sediment is most likely the result of soil erosion and deposition in the surface water 

body. PCBs were not detected in groundwater or surface water samples, indicating that PCBs are fairly 

immobile in the environment. PCBs were also not detected in surface sediment samples. 

5.4.5 lnorqanics 

Because inorganics are frequently incorporated into the soil matrix and remain bound to particulate 

matter, they migrate from source areas via erosion. 

There are some instances, however, where inorganics are found at such concentrations or in such forms 

(i.e., oxidation states) that they may migrate in solution. First, it is possible that uncontrolled industrial 

activities could saturate the available exchange sites in soil in the immediate vicinity of the activity and 

result in an inorganic being mobilized. Secondly, inorganics are more mobile under acidic conditions, 

which are possibly present in environments where metal plating-type activities occurred. Finally, an 

inorganic solution may be used in some industrial applications. In these cases, it is possible for 

inorganics to migrate vertically through the soil column and reach the groundwater. Therefore, the 
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inorganics detected in surface water samples may represent the total of dissolved inorganics (as a result 

of the processes just described) and inorganics adhering to suspended soil present in the water samples. 

lnorganics are naturally occurring substances; therefore, it is not unusual that they were detected in the 

media at Site 1. Because inorganics tend to adhere to particulate matter (similar to PAHs and PCBs), 

their release and migration patterns are similar to these chemicals. Inorganic contamination at some 

locations may have been the result of past landfill operations. The presence of antimony, arsenic, 

chromium, copper, iron, lead, manganese, mercury, silver, thallium and zinc at Site 1 may be related to 

these past operations. 
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TABLE Cl 

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS 
SITE 1 _ GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 2 

Specific Gravity vapor Pressure Solubility OctanoWater Organic Carbon Henry’s Law Constant Bioconcentration Factor Mobility Index 

Chemical (@ 20/4”C)(l) (mm Hg 8 20%)(l) (mg/L 8 20%)(l) Partition Coefficient(i) Partition Coefficient(Z) (atm-m3/mole)(l) hWwh@) log((solublhty’VP)/K.,) 

KETONES 
2.Butanone 1 0.8054 1 l.OEcZ(25TZ) 1 2.75E+05 1 1.82E+OO I 4.44E+0(3) 1 4.66E-5(25"C) 1 9.3E-l(4) I 6.79E+OO 

Acetone I 0.7899 I 2.66E+2(25"C) 1 Miscible I 5.75E-01 7.08E+03 (5) 1 4.276E-5(25"C) 1 3.61E-l(4) NA 
MONOCYCLIC AROMATICS 
1,4-Dichlorobenzene 1.29 1.20E+OO 7,38E+Ol(Q) 2.63E+03(9) 6.16E+02(9) 2.43E-03(Q) 2.3E+02(6) -8.42E-01 
P-Methylphenol 1.047 2.99E-01 2,60E+04 9.55E+Ol Q.l2E+Ol 1.20E-06 1.60EcOl 1.93 
4-Methylphenol 1.0176 l.lE-1 (25°C) 2.4E+4 (25%) 8.32E+Ol 9.OE-l(4) 3.92E-07 1,7E+l(lO) 3.47 
Benzene 0.8765 9.50E+Ol 1.75E+03 1.35E+02 5.89E+Ol 5.55E-03 3.70E+Ol 3.45 

.-----.. _.. -- _ .-.. 

I I 91‘GJ.3,3VC, I I I I I 

Benzaldehyde 

3enzo(a)anthracene 
I 1.05 I 1.27E-01 2.00E+03 1 3.02E+Ol ) 3.4E+Ol-1.5E+O2 1 4.23E-05 4.2E+OO-7.8E+OO 8.7E-01 - 1.7E+OO 

1.274 1 5.00E-09 , E-7 ,""OP\ I I not ,-,c ,c\ I f cnr I c onf-.h" I . cnr n. 

I I 

Benzo(k)fluoranthene I NA I 9.59E-11 5.5E-4(25%) 1 
, I 

.--- -- 

3ibenzofuran 1 1.0886 I 4.40E-02 1 4.2 

Fluoranthene I 1.252 1 5.OE-6(25"C) 1 2.65E 
'2E+OO I 1.32E+04 8.13E+03 I NA I 8.00E+02 I -4.64E+OO 

7E+O5(53 6.5E-6 (25°C) 1.20E+04 -l.OQE+Ol 

Fluorene 

Indeno(l,2,3-cd)pyrene 
'sopropylbenzene 
\I.,h+hdO"~ 

I NA 1 lE-lO(25'C) I 6.; 
0.862 I 4.50E+OO 1 6.1 

I 1 163 1 R7F-3f%i°C1 1 ?F+ 

I-1 (25T) 2,14E+05 1.0 

[ 1.202 ! l.OOE+Ol 1 1.98E+OO 1.62E+04 1.38E+04 6.36E-05 3.80Ec03 -2.84E+OO 

!OE-02 4.57E+07 3.47E+06 (5) 6.95E-E(25"C) 3.50E+05 -1.77E+Ol 
3E+Ol 3.16E+03 2.29E+03 l.l5E-02 2.70Ec02 -0.92 

,.,-- _.-_ - -_ - l(25"C) 
1 O.Q80(4"C) 1 lE+0(118.2-'C) 1 E.lsE-l(2l"C) 

2.34E+03 2.00E+03 (5) 4.83E-4(25%) 4,20E+02 -2.91E+OO 
2,88E+04 1,40E+04 3.93E-5(25-C) 4.70Ec03 -4.23E+OO 

/Pyrene 1 1,271(23/4"C) 1 2.5E+0(200°C) 1 1.6E-l(26"C) j 1.51E+05 I l.O5E+05 (5) I 5.lE-6(25"C) I 1.20E+04 I -5.42E+OO 

PHTHALATEESTERS 

Bis(2-ethylhexyl)phthalate O.Q9(20/2o"C) 1.2EcO (200°C) 4E-1 (25°C) 2.00E+05 1.51E+07(5) 3.00E-07 2.30E+08 -7.50E+OO 

Btiylbenzylphthalate 1.113 8.60E-06 7.10E-01 6,92E+04 5.75E+O4 1.26E-06 7,72E+02 -9.97E+OO 

Diethylphthalate 1.1175 5E-2(70"C) l.O8E+3(25"C) Q.l2E+02 2.88E+02 8.46E-07 l.O7E+02 -0.73 

Di-n-butylphthalate 1.047 (20/2O"C) lE-l(llS°C) 4E+2(25'C) 1.58E+05 3.39E+04 (5) 2.8E-7(25"C) 4.70E+04 -2.93E+OO 

Di-n-octylphthalate 0.978 2.50E-06 2.00E-02 l.l5E+08 8.32E+07 6.68E.05 2.6E+03.9.3E+03 -15.22 

MISCELLANEOUS VOLATILE ORGANICS 

Carbon disulfide 1 1.2632 2.98E+02 1 2.90E+03 1.45E+04 I 4.57E+Ol 1.921E.2 (25°C) 1 2.6E+l (8) 4.28 

Cyclohexane 1 0.7781(13) 9.69E+Ol 1 5.5E+O1(133 2,75E+03(13) 1 1.6E+02(14) 2.OE+-Ol(l4) I 8,9E+01(13) 1.52E+OO 

Methyl Cyclohexane 1 0.7694(13) 4.60E+Ol 1 1.4E+01(13) 4.07E+03(13) 1 2.68E+02(11) 4.3E-Ol(13) 1.2E+02(11) 3.81E-01 





TABLE 5-2 

PHYSICAL AND CHEMICAL PROPERTIES OF INORGANIC SITE CHEMICALS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLlkOlS 

Chemical 
lnorganics 

Molecular Specific Vapor Solubility Henry’s Law Bioconcentration 
Weight Gravity Pressure (25 C) (25 c) Constant (25 C) Factor. 

(g/mol) (1) (20/4 C) (1) (mm Hg) (1) (w/L) (1) (atm-m3/mol) (1) (L&d (2) 

Aluminum 26.98 (5) 2.708 (20°C) (5) NA NA NA 36 
Antimony 121.75 6.684 (25°C) 1 (886°C) insoluble NA NA 
Arsenic 74.9216 5.727 (14°C) 1 (372°C) insoluble NA 350 
Barium 137.33 3.51 (20°C) 10 (1049°C) hydrolyzes NA NA 
Beryllium 9.01218 1.85 (20°C) 1 (1520°C) insoluble NA NA 
Cadmium 112.41 ! 8.642 (UT) NA ! insoluble ! NA ! 7400 
Chromium 51.996 I 7.2 (28°C) 1 (1616°C) I insoluble I NA 1 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

58.9332 8.9 (UT) 30 (2375°C) insoluble NA NA 
63.546 8.92 (UT) 1 (1628°C) insoluble NA 23000 
26.02 NA NA NA NA NA 

55.85 (2) 7.9 (2) NA f2) NA (2) NA (2) NA 
207.2 

54.938 (4) 
200.59 
58.69 
78.96 
107.87 

204.383 
50.9415 

65.38 

I 7.2 (4) I NA I decomooses (4) I NA I NA I 
1 11.296O’(i6”C) 1 l(97O”C) ! insoluble ! NA ! 1700 I 

13.5939 100 (260°C) 0.056 1.14E-02 (UT) 3133 (3) 
8.9 (UT) 1 (1800°C) insoluble NA 110 

4.81 (20/4+1 “C) NA NA NA 5700 
10.5 1 (1310°C) insoluble ! NA ! 28 I 

11.85 (UT) 1 (825°C) insoluble I NA I 130 
5.96 (UT) NA ! insoluble NA NA 
7.14 (UT) 1 (487°C) I insoluble I NA I 970 I 

1 USEPA, Handbook of RCRA Ground-Water Monitoring Constituents: Chemical and Physical Properties, September 1992. 

2 USEPA, Superfund Chemical Data Matrix, 1997. 

3 Lyman, W., Reehl, W., and Rosenblatt, D., 1990. Handbook of Chemical Property Estimation Methods. 

4 Clement Associates, Chemical, Physical, and Biological Properties of Compounds Present at Hazardous Waste Sites, September 1985. 

5 The Condensed Chemical Dictionary, Van Nostrand Reinhold Company, New York 1971. 

UT There is no reference temperature available. 

NA Not available. 
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6.0 HUMAN HEALTH RISK ASSESSMENT 

This section presents results of the HHRA for Site 1 located at Naval Station Great Lakes. The objective 

of the risk assessment is to determine whether detected concentrations of chemicals at the site pose a 

significant threat to potential human receptors under current and/or future land use in the absence of 

remedial action. The results of the HHRA are also used to focus the evaluation of remedial action 

alternatives, if action is required. 

The following risk assessment guidance documents were used to develop the framework for the Human 

Health Risk Assessment: 

. USEPA, 1989. Risk Assessment Guidance for Super-fund: Volume I, Human Health Evaluation 

Manual (Part A). EPA 540/l-89/002. Office of Emergency and Remedial Response, Washington, 

D.C. 

. USEPA, 1991. Human Health Evaluation Manual, Supplemental Guidance: Standard Default 

Exposure Factors. OSWER Directive 9285.6-03. Washington, D.C. 

. USEPA, 1993. Preliminary Review Draft: Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure. Office of Solid Waste and Emergency 

Response, Washington, D.C. 

. USEPA, 1996. Soil Screening Guidance: Technical Background Document. EPA/540/R-95028. 

Office of Solid Waste and Emergency Response. Washington, D.C. 

. USEPA, 1997. Exposure Factors Handbook. EPA/600/P-95/002Fa. Office of Health and 

Environmental Assessment, Washington, D.C. 

. Department of the Navy, 2001, Conducting Human Health Risk Assessments under the 

Environmental Restoration Program. Ser N453E/l U595168. Washington, D.C. 

. U.S.EPA, 2001. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Super-fund Risk Assessments). 
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l USEPA, December 2002a. Supplemental Guidance for Developing Soil Screening Levels for 

Superfund Sites. OSWER 9355.4-24. Washington, D.C. 

l USEPA, December 2002b. Calculating Upper Confidence Limits for Exposure Point Concentrations 

at Hazardous Waste Sites: OSW ER 9285.6-l 0. Washington, D.C. 

l USEPA, 2004. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Guidance. 

l Department of the Navy, 2004. Navy Final Policy on the Use of Background Chemical Levels. 

. Illinois EPA, 2007. TACO (Tiered Approach to Corrective Action Objectives). Illinois Environmental 

Protection Agency, Bureau of Land, available at http://www.epa.state.il.us/land/taco/, accessed online 

June, 2007. 

The risk assessment is structured and reported according to the guidelines of the Risk Assessment 

Guidance for Supetfund (RAGS), Human Health Evaluation Manual, Part D: Standardized Planning, 

Reporting, and Review of Superfund Risk Assessments (RAGS Part D) (USEPA, December 2001). 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks: (1) contaminants with toxic characteristics must be found in environmental 

media and must be released by either natural processes or by human action, (2) potential exposure 

points must exist, and (3) human receptors must be present at the point of exposure. Risk is a function of 

both toxicity and exposure. If any one of these factors is absent, the exposure route is regarded as 

incomplete, and no potential risks are considered to exist for human receptors. An HHRA consists of five 

major components: 

l Data evaluation and identification of chemicals of potential concern (COPCs) 

l Exposure assessment 

l Toxicity assessment 

l Risk characterization 

0 Uncertainty analysis. 

Chemicals identified as COPCs for Site 1 and their methods for selection of COPCs are described in 

Section 6.1, Data Evaluation. The data evaluation section is primarily concerned with the selection of 
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COPCs that are representative of the type and magnitude of potential human health effects. The COPC 

screening process involves the comparison of maximum site concentrations to risk-based screening 

levels and other health-based standards. A brief discussion of data usability is also provided. 

Section 6.2, Exposure Assessment, identifies potential receptor populations and exposure pathways by 

which receptors may come in contact with contaminants at the site. Potential exposure routes under 

current and future land uses are developed from information on source areas, chemical concentrations, 

chemical release mechanisms, patterns of human activity, and other pertinent information. A concise 

conceptual site model (CSM) illustrates the potential receptors and exposure pathways evaluated in the 

baseline risk assessment. The exposure assessment also includes the calculation of quantitative 

estimates of chemical intakes for each identified receptor, pathway, and route of exposure under 

reasonable maximum exposure (RME) and central tendency exposure (CTE) scenarios. Equations and 

relevant exposure input parameters used in estimating chemical intakes are provided. 

Section 6.3, Toxicity Assessment, presents the chemical-specific toxicity criteria for the identified COPCs 

used in the quantification of potential human health risks. These toxicity criteria, when integrated with the 

estimated chemical intakes developed in the exposure assessment, provide the basis for quantifying 

potential human health risks. 

Section 6.4, Risk Characterization, presents the methods used for characterizing risks associated with 

noncarcinogenic and carcinogenic effects resulting from exposure to COPCs. Calculated numerical risks 

for potential receptors at Site 1 are also summarized and discussed in this section. 

Section 6.5, Uncertainty Analysis, presents a discussion of the uncertainties associated with the risk 

assessment for Site 1. The uncertainty assessment is an important part of the risk assessment process 

because the quantitative risk estimates developed in the risk characterization are based on a number of 

assumptions (concerning exposure, land use, toxicity, etc.) that contain various degrees of uncertainty. 

6.1 DATA EVALUATION 

Data evaluation involves the compilation and assessment of analytical data. The main objective of the 

data evaluation is to develop a medium-specific list of COPCs that are used to quantitatively determine 

potential human health risks for site media. Appendix C summarizes and presents the results of data 

validation conducted for the data sets used in the risk assessment. 
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6.1 .l Data Usabilitv 

Analytical data for subsurface soil, groundwater, surface water, and sediment were used in the HHRA for 

Site 1. The data were collected as part of the RI field effort performed by TtNUS in December 2006 and 

March 2007. These data are expected to adequately characterize potential risks for direct and 

inadvertent exposure to contaminated site media. Surface soil was not evaluated in the HHRA because 

the site has been covered with clean soil during the reconstruction of the golf course (C.H. Guernsey & 

Company, Nocember 2002). 

Quantitative analytical results from the field investigation were used in the risk assessment. Field 

measurements and data regarded as unreliable (i.e., qualified as R or UR during the data validation 

process) were not used in the quantitative risk assessment. Analytical data qualified as estimated (J, UJ) 

were used, even though the reported positive concentrations or sample-specific quantitation limits may be 

somewhat imprecise. The qualification of data during the data validation process is not expected to 

compromise the results of the baseline HHRA. The use of estimated data adds to the uncertainty 

associated with the risk assessment. However, the associated uncertainty is expected to be negligible 

compared to the other uncertainties inherent in the risk evaluation process (i.e., uncertainties with land 

uses, exposure scenarios, toxicological criteria, etc.). 

Analytical data qualified for blank contamination (B) were also used in the baseline risk assessment. 

When determining exposure concentrations via statistical procedures, chemicals qualified ‘B’ or 

nondetected were conservatively assumed to be present at a concentration equal to one-half the sample- 

specific quantitation limit. 

6.1.2 Methodoloqv for Selection of COPCs 

COPCs were selected through a qualitative screening process to limit the number of chemicals and 

exposure routes quantitatively evaluated in the risk assessment to those site-related constituents that 

dominate overall potential risks. Screening concentrations based on USEPA and Illinois EPA risk-based 

concentrations was used to focus the risk assessment on meaningful chemicals (i.e., COPCs) and 

exposure routes. 

In general, a chemical is selected as a COPC and retained for further quantitative risk evaluation if the 

maximum detected concentration in a sampled medium exceeds the risk-based concentration(s) and is 

present at concentrations greater than background levels. Chemicals eliminated from further evaluation 

at this time are assumed to present minimal risks to potential human receptors. 

- 
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Several screening criteria were used to identify COPCs for Site 1. Screening concentrations based on 

risk-based cleanup objectives developed by Illinois EPA (Illinois EPA, online, July 2007) and risk-based 

concentrations developed by USEPA Region 9 PRGs (USEPA, October 2004) were used, as well as 

other USEPA criteria. The risk-based screening concentrations correspond to a systemic hazard quotient 

(HQ) of 0.1 for noncarcinogens or an incremental lifetime cancer risk (ILCR) of 1 ~10~~ for carcinogens. 

The Illinois EPA and USEPA Region 9 PRGs for noncarcinogens are based on an HQ of 1.0 but the 

screening concentrations are based on an HQ of 0.1. The screening concentrations are based on a HQ 

of 0.1 to account for the potential cumulative effects of several chemicals affecting the same target organ 

or producing the same adverse noncarcinogenic effect. The screening levels used for each medium in 

the risk assessment are briefly discussed below. 

6.1.2.1 Screening Concentrations for Soil 

Exposure to surface soil was not evaluated in the risk assessment because the site has been covered 

with clean soil. Exposure to COPCs in subsurface soil could occur under future land use assuming that 

the subsurface soil was uncovered (e.g., during excavation) and brought to the surface. The following 

criteria were used to select &PCs for subsurface soil: 

l Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties (Illinois EPA, online, July, 

2007). These include remediation objectives for the soil ingestion exposure route and for the 

inhalation exposure route. The lowest Tier I objective for the receptors listed in the Tier 1 Tables (i.e., 

residential, industrial/commercial, or construction worker) was used for screening. 

l USEPA Region 9 PRGs for Residential Soil (USEPA, October 2004). 

l USEPA Generic Soil Screening Levels (SSLs) for the inhalation of volatiles and fugitive dusts 

calculated online at http://risk.lsd.ornl.aov/calc startshtml based on methodology from the USEPA’s 

Soil Screening Guidance (USEPA, 1996). 

If the maximum concentration of a constituent exceeded any of these criteria and if the constituent was 

present at concentrations greater than concentrations of chemicals in background soil, the chemical was 

selected as a COPC for subsurface soil. The procedures for the elimination of chemicals on the basis of 

background concentrations are discussed in Section 6.1.2.7. Facility background concentrations for 

naturally occurring or anthropogenic chemicals have not been determined for Naval Station Great Lakes. 
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Therefore, maximum soil concentrations were compared to the concentrations of inorganic chemicals 

provided by Illinois EPA in Appendix A, Table G of TACO (Illinois EPA, online, July 2007). 

The comparison of site soil data to USEPA generic inhalation SSLs for transfers from soil to air were used 

to identify whether a quantitative analysis of this exposure pathway is warranted. If the maximum soil 

concentration of a chemical exceeded the Inhalation SSL, a quantitative evaluation of potential risks from 

inhalation was performed. Otherwise, the risk associated with the inhalation pathway was considered 

insignificant, and the exposure pathway was eliminated from further evaluation. In this risk assessment, 

the concentrations of naphthalene and dioxins/furans in subsurface soil exceeded the USEPA inhalation 

SSLs. Therefore, risks from inhalation of particulates from soil were quantitatively evaluated for these 

COPCS. 

To evaluate the potential for chemicals detected in soil to impact groundwater, maximum chemical 

concentrations were compared to USEPA and Illinois EPA SSLs for migration to groundwater. Migration- 

to-Groundwater SSLs were not used for COPC selection because quantitative risk assessments are 

typically based on direct contact with soil or inhalation of vapors and particulates. There is no 

methodology available for quantitative risk evaluation of indirect exposure based on migration to 

groundwater. Therefore, it is not appropriate to select COPCs for quantitative risk evaluation for direct 

exposure on the basis of the indirect soil-to-groundwater pathway. The soil-to-groundwater SSLs provide 

an indication of potential impacts of contamination in soil on groundwater quality but are not indicators of 

quantitative risk. 

The following criteria were used for the migration from soil to groundwater comparisons: 

l Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties for the Soil Component of 

the Groundwater Ingestion Exposure Route for Class I Groundwater (Illinois EPA, online, July 2007). 

l USEPA generic SSLs for migration from soil to Groundwater calculated online at 

http:Nrisk.lsd.ornl.qov/calc startshtml based on methodology from the USEPA’s Soil Screening 

Guidance (USEPA, 1996 and December 2002). 

Results of the migration from soil-to-groundwater comparisons are presented in Section 6.1.3.1. 
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6.1.2.2 Screening Concentrations for Groundwater 

Direct exposure to groundwater at Site 1 is not expected to occur under current and/or future land uses 

because Site 1 and the surrounding area are supplied by public water and there are no drinking water 

wells located immediately downgradient of the site. However, the residential groundwater scenario was 

evaluated based on the assumption that groundwater at the site will be used as a source of domestic 

drinking water in the future and industrial exposure to groundwater was evaluated to account for the 

possibility that future construction workers may contact groundwater during excavation or construction 

activities. Groundwater screening levels for evaluating vapor intrusion to indoor air are evaluated to 

identify chemical concentrations in groundwater that may adversely affect the indoor air quality of a 

building overlying subsurface VOC contamination. If concentrations of a chemical detected in 

groundwater exceed the vapor intrusion screening levels, risks for that chemical were quantitatively 

evaluated using the Johnson and Ettinger Vapor Intrusion Model (USEPA, June 2004). 

Although groundwater at Site 1 is not a source of drinking water, the following criteria were conservatively 

used to select COPCs for groundwater: 

l Illinois EPA Tier 1 Groundwater Remediation Objectives for Class 1 Groundwater (Illinois EPA, 

online, July 2007). 

l USEPA Region 9 PRGs for Tap Water (USEPA, October 2004). 

l USEPA Maximum Contaminant Levels (MCLs) (USEPA, Summer 2006) 

l USEPA Groundwater screening levels for evaluating the vapor intrusion to indoor Air (USEPA, 

November 2002) 

If the maximum concentration of a constituent exceeded any of these criteria, the chemical was selected 

as a COPC and carried through to the quantitative risk assessment. 

6.1.2.3 Screening Concentrations for Sediment 

Screening levels are currently not available for human exposure to sediment. Therefore, risk-based 

concentrations for residential soil were used as the basis of the sediment screening levels. The use of 

residential soil screening levels for sediment COPC identification is regarded as a conservative approach 

because exposure to sediment is expected to be less than exposure to soil. For example, the residential 
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soil screening levels assume that a potential receptor is exposed to chemicals in soil for 350 days per 

year. It is unlikely that a receptor would be exposed to sediment in the Skokie Ditch at this frequency in 

the Great Lakes area because of the long, cold winters. 

The following screening concentrations were use to select COPCs for sediment in the Skokie Ditch: 

l Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties (Illinois EPA, online, July 

2007) for the Soil Ingestion Exposure Route. 

l USEPA Region 9 PRGs for Residential Soil (USEPA, October 2004). 

If the maximum concentration of a constituent exceeded any of these criteria (and the constituent was 

present at concentrations greater than the concentrations of inorganic or anthropogenic organic 

chemicals in background sediment), the chemical was selected as a COPC for sediment and carried 

through to the quantitative risk assessment. 

As stated above, facility background concentrations for naturally occurring or anthropogenic chemicals 

have not been determined for Naval Station Great Lakes. The background analysis for sediment was 

performed by comparing maximum contaminant concentrations with background concentrations provided 

in Table 5 of the Evaluation of Illinois Sieved Stream Sediment Data, 1982 - 1995 (Illinois EPA, August 

1997) and Table 3 of the Sediment Classification for Illinois Inland Lakes, 1996 Update. Maximum 

sediment concentrations were also compared to the concentrations of inorganic chemicals provided by 

Illinois EPA in Appendix A, Table G of TACO (Illinois EPA, online, July 2007) and concentrations of 

anthropogenic organic compounds (e.g., PAHs) were compared to the values listed in the proposed 

amendments to TACO (Illinois EPA, September 2005). 

USEPA generic SSLs for transfers from soil to air and for migration to groundwater are not considered to 

be appropriate for sediment screening because of the high moisture content associated with sediment 

matrices. 

6.1.2.4 Screening Concentrations for Surface Water 

COPCs in surface water were selected by comparing maximum concentrations with Illinois EPA and 

USEPA drinking water criteria. The use of drinking water screening levels for surface water is a highly 

conservative approach to COPC selection because surface water in the Skokie Ditch is not currently used 

and will not be used in the future as a potable drinking water source. In addition, potential human 

exposure to surface water at Site 1 is expected to be limited to incidental exposures (such as that which 
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occurs during periodic recreational use), which is significantly less than the daily exposure assumed 

during the development of the tap water screening criteria. The following screening criteria were used to 

select COPCs for surface water in the Skokie Ditch: 

. Illinois EPA Tier 1 Groundwater Remediation Objectives for Class 1 Groundwater (Illinois EPA, 

online, July 2007). 

l USEPA Region 9 PRGs for Tap Water (USEPA, October 2004). 

l USEPA MCLs (USEPA, Summer 2006). 

If the maximum concentration of a constituent exceeded any of these criteria, the chemical was selected 

as a COPC and carried through to the quantitative risk assessment. Background or upgradient data for 

surface,water are not available for Site 1. Therefore, no chemicals were eliminated as COPCs for surface 

water on the basis of background comparisons. 

6.1.2.5 Screening Concentrations for Lead 

Limited criteria are available to evaluate the potential risks associated with lead. There are no risk-based 

concentrations for this chemical because the USEPA has not derived toxicity values for lead. However, 

recommended screening levels available for lead in soil are used to indicate the need for response 

activities. Guidance from both the Office of Prevention, Pesticides, and Toxic Substances and the Office 

of Solid Waste and Emergency Response recommend 400 mg/kg as the lowest screening level for lead- 

contaminated soil in a residential setting where children are frequently present (USEPA, July, 1994). 

Office of Prevention, Pesticides, and Toxic Substances identifies 2,000 to 5,000 mg/kg as an appropriate 

range for areas where contact with soil by children in a residential setting is less frequent. 

The Safe Drinking Water Act Action Level of 15 ug/L (USEPA, Summer, 2006) was used as the screening 

level for lead in groundwater and surface water. 

6.1.2.6 Essential Nutrients and Chemicals without Toxicity Criteria 

The essential nutrients calcium, magnesium, potassium, and sodium were not selected as COPCs for 

Site 1. These inorganic chemicals are naturally abundant in environmental matrices and are only toxic at 

high doses. In addition, because of the lack of toxicity criteria, risk-based COPC screening levels are not 

available for some chemicals (e.g., benzo(g,h,i)perylene, phenanthrene, and 2-methylnaphthalene). 

Appropriate surrogates were selected for some of these chemicals based on similar chemical structures. 
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For example, pyrene was used as the surrogate for benzo(g,h,i)perylene and phenanthrene, and 

naphthalene was used as the surrogate for 2-methylnaphthalene. 

6.1.2.7 Determination of Site-Related Chemicals 

Chemicals in site media found at concentrations indicative of background concentrations are not 

considered to be site-related contaminants and were not retained as COPCs for the quantitative risk 

assessment. In order to determine whether inorganic and anthropogenic organic chemicals are present 

at c+oncentrations greater than background, the maximum detected concentrations of inorganic and 

anthropogenic organic chemicals (e.g., PAHs) in soil and sediment were compared to background levels 

provided by Illinois EPA (see Sections 6.1.2.1 and 6.1.2.3). 

The elimination of chemicals as site-related COPCs on the basis of background comparisons follows the 

guidance provided in Navy Policy on the Use of Background Chemical Levels (Department of the Navy, 

January 2004). This document also presents the Navy’s interpretation of USEPA guidance provided in 

the Role of Background in the CERCLA Cleanup Program (USEPA, April 2002) and details the 

methodology to be used in evaluating background under the Navy’s Environmental Restoration and Base 

Realignment and Closure programs. Navy policy as it applies to risk assessments requires the following: 

- 

1. A clear and concise understanding of chemicals released from a site thus ensuring the Navy is 

focusing on remediating the release. 

2. The use of background data in the screening-level risk assessment. 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons. Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations. To the extent possible, 

site-related COPCs are further evaluated quantitatively in the baseline risk assessment. 

3. The consideration of background in the baseline risk assessment. 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site-related COPCs in the risk characterization section (e.g., the 

evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations). The Navy considers this comparison to be consistent with USEPA’s 

Role of Background in the CERCLA Cleanup Program (USEPA, April 2002). The uncertainty 
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associated with the elimination of chemicals on the basis of background is discussed in Section 

6.5.1.4. 

4. The selection of site cleanup remedial goals at levels not less than background concentrations. 

Additionally, cleanup levels should not be developed for chemicals not identified as chemicals of 

concern. As defined in the Navy guidance, chemicals of concern are site-related COPCs found to be 

the risk drivers in the baseline risk assessment and that may pose unacceptable human or ecological 

risks. 

6.1.2.8 Decision Rules for Establishing COPCs 

The following decision rules were used to select an initial list of COPCs for Site 1: 

l A chemical detected in soil was selected as a COPC for soil if any detected chemical concentration 

exceeded the screening levels for soil and if the background screen indicated that the site 

concentrations were greater than Illinois EPA background concentrations for metals. 

l A chemical detected in groundwater was selected as a COPC for groundwater if any detected 

chemical concentration exceeds the screening levels for groundwater. 

l A chemical detected in sediment was selected as a COPC for sediment if any detected chemical 

concentration exceeded the screening levels for sediment and if the background screen indicated that 

the site concentrations were greater than the corresponding Illinois EPA background concentrations 

for metals or anthropogenic organics chemicals (e.g., PAHs). 

l A chemical detected in surface water is selected as a COPC for surface water if any detected 

chemical concentration exceeds the screening levels for surface water. 

Chemicals detected in any environmental medium at concentrations greater than screening levels but 

eliminated as COPCs on the basis of background comparisons are further discussed in Section 6.5.1.4. 

6.1.3 Selection of COPCs 

This section presents results of the COPC selection process for subsurface soil, groundwater, surface 

water, and sediment at Site 1. The COPC screening process and the results of the COPC screening are 

presented in Tables 6-l through 6-6. 
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6.1.3.1 Selection of COPCs for Subsurface Soil 

Sixteen subsurface soil samples were collected at Site 1 in December 2006 at depths ranging from 4 to 

19 feet bgs. The sixteen samples were analyzed for VOCs, PAHs, metals, and cyanide. Four samples 

were analyzed for SVOCs, pesticides/PCBs, and dioxins/furans. The COPC selection for subsurface soil 

is presented in Tables 6-l and 6-2. The following chemicals were retained as COPCs for direct contact 

exposure to subsurface soil: 

. PAHs - benzo(a)anthracene, BaP, benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(l,2,3- 
cd)pyrene, naphthalene 

. Dioxins/furans 

l Metals - aluminum, antimony, arsenic, chromium, copper, iron, lead, manganese, silver, thallium, 
vanadium 

These constituents were identified as COPCs in subsurface soil because maximum concentrations 

exceeded one or more of the human health risk screening levels for direct contact or inhalation under 

residential land use. Aluminum, antimony, copper, manganese, and thallium were selected as COPCs 

because their maximum detected concentrations exceeded the screening levels (set at a HI of 0.1) but 

did not exceed the USEPA Region 9 PRGs for residential land use, the Illinois EPA Tier 1 Soil 

Remediation Objectives for Residential Properties (ingestion and inhalation), or the generic USEPA SSLs 

for inhalation of volatiles and fugitive dusts. The maximum concentrations of dioxins/furans and several 

metals (e.g., lead) occurred in sample NTCOlSB0900 which is located within the landfill and the sample 

was collected at 8 to 12 feet bgs and contained the burned waste materials. There is some uncertainty in 

the concentrations of analytes in this sample because the concentrations in the duplicate sample 

(NTCOlSB0900812-D) collected at this location were considerably different. For example, the 

concentrations of lead in the sample and the duplicate were, 1410 mg/kg and 54.9 mg/kg, respectively. 

Conversely, the concentrations of the 2,3,7,8-TCDD TEQ in the sample and the duplicate were 90 ng/kg 

and 9,000 ng/kg, respectively. No chemicals in subsurface soil were eliminated as COPCs on the basis 

of background comparisons. 

- 

The maximum detected concentrations were also compared to USEPA SSLs for migration from soil to air 

(inhalation) and Illinois EPA Soil Remediation Objectives for inhalation. As shown in Table 6-1, the 

maximum concentrations of naphthalene and dioxins/furans were greater than the USEPA or Illinois EPA 

Soil Remediation Objectives for inhalation. Therefore, potential risks from inhalation of naphthalene 

(vapors and particulates) and dioxins/furans (particulates) were quantitatively evaluated in the risk 
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assessment for construction worker exposure to subsurface soil. The concentrations of naphthalene 

were less than the USEPA and Illinois EPA inhalation criteria for residential exposures. 

Miqration from Subsurface Soil to Groundwater 

Table 6-2 presents the comparison of maximum concentrations detected in subsurface soil to USEPA 

and Illinois EPA SSLs for migration from soil to groundwater. The following chemicals were detected in 

subsurface soil at maximum concentrations that exceeded screening levels for migration from soil to 

groundwater: 

. Methylene chloride 

. 4-Methylphenol 

. PAHs - benzo(a)anthracene, BaP, benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, 
chrysene, indeno(l,2,3-cd)pyrene 

. Pesticides - alpha-BHC, dieldrin, gamma-BHC (Lindane) 

. Pentachlorophenol 

. Dioxins/furans 

l Metals - antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, manganese, 
mercury, nickel, selenium, silver, thallium, zinc 

l Cyanide 

As indicated in Table 6-2, the maximum detected concentrations of these analytes (as well as detection 

limits of several nondetected chemicals) exceeded USEPA SSLs for migration from soil to groundwater 

for a DAF of 1. The concentrations of carcinogenic PAHs and alpha-BHC exceeded the Illinois EPA Soil 

Remediation Objective for migration to groundwater (which are based on a DAF of 20). The exceedances 

of USEPA and Illinois EPA SSLs indicate the potential for chemicals to leach to groundwater and impact 

water quality. 

Of the organic chemicals that exceeded the soil-to-groundwater SSLs, only carbazole was detected in 

groundwater samples collected at the site (carbazole was detected in 1 of 13 groundwater samples at a 

concentration significantly less than well below the risk-based screening level). 

Of the inorganic chemicals that exceeded the soil-to-groundwater SSLs, arsenic, barium, chromium, 

cobalt, copper, manganese, nickel, selenium, silver, and zinc were detected in unfiltered groundwater 
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samples. However, only barium, copper, manganese, nickel, and silver were detected in filtered samples 

and the concentrations of these five metals were less than concentrations in the unfiltered samples. 

These data indicate that turbidity in the unfiltered samples may have affected the analysis of the unfiltered 

samples resulting in elevated metal concentrations. 

The data presented above appear to indicate that groundwater at Site 1 has not been significantly 

impacted by migration of chemicals from subsurface soil. In addition, a comparison of subsurface soil 

and groundwater chemical data presented in Tables 6-2 and 6-3 shows that the types of chemicals 

detected in these media are not similar. For example, various classes of SVOCs (e.g., phenols and 

phthalates), pesticides, PCBs, and dioxins/furans were detected in subsurface soil samples but were not 

detected in the groundwater samples. Conversely, several classes of VOCs (e.g., chlorobenzenes, 

cyclohexanes, and BTEX) were detected in groundwater samples but not in the’subsurface soil samples. 

The contamination in groundwater is more likely due to landfill materials rather than from subsurface soil. 

6.1.3.2 Selection of COPCs for Groundwater 

The COPC selection for groundwater at Site 1 is presented in Table 6-3 and is based on analytical data 

for 14 unfiltered groundwater samples collected in December 2006 and March 2007. The groundwater 

samples were collected from four temporary monitoring wells along the proposed sewer routes and from 

ten permanent monitoring wells along the boundary of Site 1 and the landfill. The following chemicals 

were retained as COPCs for groundwater. 

- 

. Benzene 

l SVOCs - naphthalene, 2-methylnaphthalene 

l Metals - aluminum, arsenic, barium, chromium, iron, lead, manganese, vanadium 

These constituents were identified as COPCs for groundwater because maximum concentrations 

exceeded one or more of the human health risk screening levels for residential use of groundwater (i.e., 

USEPA Region 9 risk-based screening levels, USEPA MCLs, or Illinois EPA Groundwater Remediation 

Objectives for Class 1 Groundwater). Aluminum, barium, chromium, and vanadium were selected as 

COPCs because the maximum detected concentrations exceeded the screening levels (set at an HI of 

0.1) but did not exceed the USEPA Region 9 PRGs for residential tap water, USEPA MCLs, or Illinois 

EPA Class 1 groundwater criteria. Lead was selected as a COPC because the maximum detected 

concentration (8.4 ug/L) exceeded the Illinois EPA Class 1 Groundwater Objective (7.5 ug/L) but was less 

than the Federal Action Level (15 ug/L). The organic chemicals identified as COPCs were detected 

infrequently in the groundwater samples. Benzene was detected in 2 of 14 samples, and naphthalene 

XXXXXXIP 6-14 CT0 0013 



Naval Station Great Lakes 
Site 1 RVRA 

Section: 6 - HHRA 
Revision: 0 

Date: July 2007 
Page: 15 of 62 

and 2-methylnaphthalene were detected in 1 of 13 samples. A comparison of filtered and unfiltered 

sample data indicates that turbidity in the samples may have affected the analysis of the unfiltered 

samples. For example, most metals selected as COPCs were not detected in the filtered groundwater 

samples (i.e., aluminum, arsenic, chromium, iron, and lead). 

No chemicals in groundwater were eliminated as COPCs on the basis of background. 

A comparison of maximum detected groundwater VOC concentrations to USEPA screening levels for 

chemical migration from groundwater through building foundations and into indoor air is presented in 

Table 6-4. The concentrations of VOCs detected in groundwater at Site 1 were less than the COPC 

screening levels for migration from groundwater to indoor air. Therefore, potential risks from inhalation of 

vapors in buildings are considered minimal and this exposure pathway was not evaluated quantitatively in 

the HHRA. 

6.1.3.3 Selection of COPCs for Sediment 

Ten sediment samples were collected at Site 1 in December 2006. The samples were collected the point 

where Skokie Ditch flows off the site (NTCOlSDOl), at the bend in Skokie Ditch (NTCOlSD02), at the 

origination point of Skokie Ditch (NTCOlSD03), equidistant between the origination point and the split 

(NTCOlSW04), and in the sediment trap located near the split in Skokie Ditch (NTCOlSD05),. At each 

location, sediment samples were collected from the surface at 0 to 4 centimeters bgs and at a depth of 

one foot. The samples were analyzed for VOCs, PAHs, metals, and cyanide. Four of the samples were 

analyzed for SVOCs, pesticides/PCBs, and dioxins/furans. The COPC selection for sediment is presented 

in Table 6-5. The following chemicals were retained as COPCs for sediment in the Skokie Ditch: 

. PAHs - benzo(a)anthracene, BaP, benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(l,2,3- 

cd)pyrene 

l Aroclor 1248 

. Dioxins/furans 

. Metals - aluminum, arsenic, chromium, iron, thallium, vanadium 

These constituents were identified as COPCs for sediment because maximum concentrations exceeded 

one or more of the human health risk screening levels for direct contact under residential land use. The 

use of residential soil screening levels for sediment COPC identification is regarded as a conservative 

approach because exposure to sediment is expected to be less than exposure to soil. For example, the 

residential soil screening levels assume that a potential receptor is exposed to chemicals in soil 350 days 
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per year. However, it is unlikely that a receptor would be exposed to sediment in the Skokie Ditch at this 

frequency. 

Aluminum, thallium, and vanadium were selected as COPCs because maximum detected concentrations 

exceeded screening levels (set at a HI of 0.1) but did not exceed the USEPA Region 9 PRGs for 

residential land use or the Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties for 

ingestion. One chemical, manganese, was eliminated as a COPC for sediment on the basis of 

background comparisons. The implications of not including manganese in the quantitative risk 

assessment are discussed in Section 6.5.1.4. 

6.1.3.4 Selection of COPCs for Surface Water 

The COPC selection for surface water was based on five samples collected in December 2006. One 

sample was collected from the point where Skokie Ditch flows off the site/under Buckley Road 

(NTCOlSWOl), one sample near the bend in Skokie Ditch (NTCOlSW02), one from the origination point 

of Skokie Ditch (NTCOlSW03), and two samples from manholes north of the golf course (NTCOlSW04 

and NTCOlSW05). The samples were analyzed for VOCs, SVOCs, PAHs, pesticides/PCBS, metals, and 

cyanide. The COPC selection for surface water is presented in Table 6-6. The following chemicals were 

retained as COPCs for surface water at Site 1: 

l Vinyl chloride 

. PAHs - BaP 

. Dioxins/furans 

. Metals - antimony, thallium 

These constituents were identified as COPCs for surface water because maximum concentrations 

exceeded one or more of the human health risk screening levels for residential use of groundwater (i.e., 

USEPA Region 9 risk-based screening levels, USEPA MCLs, or Illinois EPA Groundwater Remediation 

Objectives for Class 1 Groundwater). The use of drinking water screening levels for surface water is a 

highly conservative approach to COPC selection because surface water in the Skokie Ditch is not 

currently used and will not be used in the future as a potable drinking water source. In addition, potential 

human exposure to surface water at Site 1 is expected to be limited to incidental exposures (such as 

those that occur during periodic recreational use), which is significantly less than the daily exposure 

assumed during the development of the tap water screening criteria. 
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Antimony was selected as a COPC because the maximum detected concentration exceeded the 

screening level (set at a HI of 0.1) but did not exceed the USEPA Region 9 PRG for residential tap water, 

the USEPA MCL, or the Illinois EPA Remediation Level for Class 1 Groundwater. No chemicals in 

surface water were eliminated as COPCs on the basis of background. 

6.1.3.5 COPC Summary Screening Tables 

Table 6-7 summarizes the chemicals retained as COPCs for subsurface soil, groundwater, surface water, 

and sediment at Site 1. RAGS Part D tables for COPC selection are included in Appendix F-l. 

6.2 EXPOSURE ASSESSMENT 

The exposure assessment defines and evaluates, quantitatively or qualitatively, the type and magnitude 

of human exposure to the chemicals present at or migrating from a site. The exposure assessment is 

designed to depict the physical setting of the site, identify potentially exposed populations and applicable 

exposure pathways, determine concentrations of COPCs to which receptors might be exposed, and 

estimate chemical intakes under the identified exposure scenarios. Actual or potential exposures at 

Site 1 were determined based on the most likely pathways of contaminant release and transport, as well 

as human activity patterns. A complete exposure pathway has three components: (1) a source of 

chemicals that can be released to the environment, (2) a route of contaminant transport through an 

environmental medium, and (3) an exposure or contact point for a human receptor. 

6.2.1 Conceptual Site Model 

The development of a conceptual site model (CSM) is an essential component of the exposure 

assessment. The CSM integrates information regarding the physical characteristics of the site, exposed 

populations, sources of contamination, and contaminant mobility (fate and transport) to identify potential 

exposure routes and receptors to be evaluated in the risk assessment. A well-developed CSM will allow 

for a better understanding of the risks at a site and will aid the risk managers in the identification of the 

potential need for remediation. The site-specific CSM for Site 1 is presented in this section and illustrated 

in Figure 6-l. The model was used to develop the proposed field investigation so that the data collected 

met the needs of the risk assessment. The CSM depicts the relationships among the following elements: 

. Site sources of contamination 

l Contaminant release mechanisms 

l Transport/migration pathways 

. Exposure routes 
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. Potential receptors 

Table 6-8 presents a summary of the exposure routes addressed quantitatively for each human receptor. 

The elements of the CSM as they pertain to Site 1 are presented in the following sections. 

6.2.1 .I Site Sources of Contamination 

The Willow Glen Golf Course (Site 1) is located north of Buckley Road and east of Route 41. The golf 

course offers recreational activities for Naval Station Great Lakes and surrounding areas. The entire 18- 

hole golf course is approximately 125 acres. Underlying at least 50 acres of the present golf course 1 s a 

landfill that was used as a trench/burn operation between 1942 and 1967 for an estimated 1.5 million tons 

of material. Types of waste reportedly include domestic refuse, sewage sludge, petroleum, oil, lubricants, 

solvents, coal ash, and materials contaminated by PCBs. The sources or contamination at Site 1 and a 

detailed description of the site are presented in Section 2.0. 

Based on data from previous investigations, the following parameters are among the site-related chemical 

contaminants known to be present or potentially present in environmental media at Site 1: 

l vocs 

l Phthalate esters 

. PAHs 

l Pesticides 

. PCBs 

l Metals 

l Petroleum hydrocarbons 

6.2.1.2 Contaminant Release Mechanisms and Transport/Migration Pathways 

Past activities at Site 1 may have resulted in contaminant releases to the surrounding environment. The 

golf course overlays a landfill that was used for the trenching/burning of waste materials that included 

domestic refuse, sewage sludge, petroleum, oil and lubricants, solvents, coal ash, and materials 

contaminated by PCBs. 

Based on information regarding past practices and chemical releases at the site, plausible contaminant 

release and migration mechanisms include the following: 
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l Transport of chemicals deposited in trenches to groundwater via infiltration, percolation, and 

migration within the shallow groundwater aquifer. 

. Migration of contaminants in groundwater (i.e., lateral migration) via seepage to surface water and 

sediment in the Skokie Ditch. 

l Migration of contaminants in surface water off site via the Skokie Ditch. 

. Migration of fugitive dusts and VOCs from subsurface soil if construction/excavation activities occur in 

the future. 

. Volatilization of VOCs from groundwater into the indoor air of future residential and commercial 

buildings. As shown in Table 6-4, the concentrations of the organic chemicals detected in 

groundwater at the site were less than vapor intrusion screening levels. Therefore, risks for this 

exposure pathway are considered to be minimal and were not considered further in this risk 

assessment. 

l Transport/migration of wastes or contaminated soil by erosion through the current Skokie District 

storm sewer to the surface water and sediment in the Skokie Ditch. 

6.2.1.3 Potential Receptors/Exposure Routes 

Naval Station Great Lakes is an active facility and will remain so for the foreseeable future. Site 1 is a 

golf course and, therefore, access to the site is not restricted. To aid in risk management decisions, the 

risk assessment considers potential receptors, such as hypothetical future residents and occupational 

workers, who might be exposed to contaminants in site media or migrating from the site at some future 

time. The potential receptors were identified by analyzing current land use practices, potential future land 

uses, and the identified areas of contamination in order to focus the risk assessment on potential site- 

related exposures. The general receptor classes include the following: 

l Golf Course Maintenance Workers - Potential receptors under current or future land use. 

Maintenance workers may include adult military or civilian personnel assigned to grounds keeping or 

similar activities at the site. This receptor potentially could be exposed to surface water and sediment 

by ingestion and dermal contact. Direct contact with subsurface soil is not anticipated for this 

receptor. 
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l Adult and adolescent recreational users/trespassers (e.g., golfers) - Potential receptors under 

current/future land use. These receptors were evaluated for exposure to surface water and sediment 

in the Skokie Ditch. Exposure to surface water and sediment was evaluated for incidental ingestion 

and dermal exposure. Swimming is not known to occur and has not been observed in the Skokie 

Ditch. Therefore, the dermal exposure scenario assumed that receptors are exposed only while 

wading. Direct contact with subsurface soil is not anticipated for this receptor. 

l Construction Workers - Potential receptors under future land use. Construction workers are 

assumed to be civilian personnel who may be involved in a short-term, one-time construction project. 

Excavation and ground-intrusive activities may occur on the site in the future. If these excavation 

projects were to occur, construction workers could potentially be exposed to subsurface soil by 

ingestion, dermal contact, and inhalation, and to groundwater by dermal contact and inhalation. 

Construction workers were also evaluated for exposure to surface water and sediment. 

l Occupational Workers - Potential receptors under future land use. Future occupational workers were 

evaluated to account for the possibility that Site 1 might be developed for commercial/industrial uses at 

some future time and to provide information that may be necessary for risk management decisions. 

Direct contact with subsurface soil is not anticipated for this receptor. 

l Future Military Residents (Adults/Children) - Potential receptor under future land use. Military 

residents are not potential receptors under current land use because they do not live on the site. 

They were evaluated primarily for decision-making (risk management) purposes based on the 

assumption that the site could support military residential use in the future. Future military residents 

were assumed to be exposed to subsurface soil by ingestion, dermal contact, and inhalation of 

fugitive dust and vapors, to groundwater by ingestion, dermal contact and inhalation, to surface water 

by ingestion and dermal contact, and to sediment by incidental ingestion and dermal contact for a 

representative enlistment time of 6 years. Risks to military residents were evaluated by reference to 

future civilian residents because risks for these receptors are the same or slightly less than civilian 

residents. 

l Future Civilian Residents (Adults/Children) - Potential receptor under future land use. Hypothetical 

future residents are not potential receptors under current land use but were evaluated to aid in risk 

management decisions by providing an indication of potential risks if the facility were to close and be 

developed for residential use. Future onsite residents were assumed to be exposed to subsurface 

soil by ingestion, dermal contact, and inhalation of fugitive dust and vapors, to groundwater by 
- 
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ingestion, dermal contact, and inhalation, to surface water by ingestion and dermal contact, and to 

sediment by incidental ingestion and dermal contact. 

l Navy recruits were also considered as potential receptors for Site 1. However, exposure for the 

recruits was assumed to be negligible because of the limited time recruits spend at Naval Station 

Great Lakes (i.e., 12 weeks) and because the lack of idle time allocated to recruits during training. 

Therefore, risks to Navy recruits were not evaluated in the risk assessment. 

As stated previously, exposure to surface soil was not evaluated in the risk assessment because the site 

has been covered with clean soil. However, potential future residents and construction workers were 

evaluated for exposure to subsurface soil based on the assumption that subsurface soil will be brought to 

the surface in a future excavation project. If exposure to subsurface soil were to occur, a receptor may be 

exposed to soil via inadvertent ingestion of a small amount of soil, via dermal absorption of contaminants 

from the soil, or by inhalation of vapors or particulates. 

Table 6-8 summarizes the exposure routes quantitatively addressed for each receptor at Site 1. 

6.2.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the human health risk assessment were based on the concept of a 

RME only, which is defined as “the maximum exposure that is reasonably expected to occur at a site” 

(USEPA, December, 1989). However, more recent risk assessment guidance (USEPA, May 1993) 

indicates the need to address an average case or CTE. 

To provide a full characterization of potential exposure, both RME and CTE scenarios were evaluated in 

the risk assessment for Site 1. The available guidance (USEPA, May, 1993) concerning the evaluation of 

CTE is limited. Therefore, professional judgment was used when defining CTE conditions for a particular 

receptor at the site. 

6.2.3 Exposure Point Concentrations 

The exposure point concentration (EPC), which is calculated for COPCs only, is an estimate of the 

chemical concentrations within an exposure unit (EU) that are likely to be contacted over time by a 

receptor and is used to estimate exposure intakes. The EUs evaluated and the guidelines for calculating 

the EPCs for the EUs within Site 1 are as follows: 
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l EUs for receptors potentially exposed to subsurface soil include the sampled locations within the 

study area. The data for subsurface soil suggest that hot spots may exist within the area (e.g., at 

locations NTCOl SB088, NTCOl SB097, and NTCOl SB102). 

l The EU for a groundwater receptor may be one well or a cluster of wells (e.g., in the heavily 

contaminated part of a plume) and is highly dependent on the distribution of the contamination. For 

this risk assessment, risks for exposure to groundwater were calculated using the maximum detected 

concentrations of COPCs. Because Illinois EPA requires that risks for each discrete monitoring well 

be acceptable, risks associated with exposure to chemical concentrations in individual wells were 

also calculated. Risks for each well are presented and discussed in the Uncertainty Section (Section 

6.5.2.2). 

l The EU for receptors potentially exposed to surface water and sediment include the sampled 

locations in the Skokie Ditch. 

The following guidelines were used to calculate the EPCs: 

. If a soil, surface water, or sediment data set for an EU contained fewer than 10 samples, the EPC for 

the RME and CTE cases was defined as the maximum detected concentration. 

. If a soil, surface water, or sediment data set for an EU contained 10 or more samples, the 95-percent 

upper confidence limit (UCL) on the arithmetic mean, which is based on the distribution of the data 

set, was selected as the EPC for the RME and CTE cases. EPCs were calculated following USEPA’s 

Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites 

(USEPA, December 2002) using the USEPA’s ProUCL software and guidance (Singh, A., et al., April 

2004). The version of ProUCL used by TtNUS is set up to flag cases that may require additional 

evaluation, e.g., large number of non-detects, high detection limits, or cases where the value 

recommended by ProUCL exceeds the maximum concentration. The ProUCL calculations are 

presented in Appendix F-2. 

. For groundwater, Section 742.225a of TACO indicates that contaminant concentrations of discrete 

samples at each sample point should be evaluated. Risks for groundwater were characterized by 

assuming exposure to maximum detected groundwater concentrations. As discussed above, risks for 

each well were also evaluated and are presented in the Uncertainty Section (Section 6.5.2.2). 
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l As per USEPA guidance for the child and adult lead models, the EPCs for lead were the average 

concentrations for each medium evaluated (Sections 6.2.5 and 6.4.4.5). 

Sample and duplicate analytical results were averaged for statistical use before the EPC is calculated. 

Data values less than sample-specific detection limits were substituted with one-half the detection limit. 

Table 6-9 summarizes the EPCs used in this HHRA. RAGS Part D Tables which summarize the 

statistical data for the EPCs are presented in Appendix F-l, 

6.2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure via ingestion, dermal contact, or inhalation 

are presented in this section. Intakes for the identified potential receptor groups were calculated using 

USEPA risk assessment guidance (USEPA, December, 1989 and July 2004) and are presented in the 

risk assessment spreadsheets in Appendix F-l. 

Noncarcinogenic intakes were estimated using the concept of an average annual exposure. 

Carcinogenic intakes were calculated as an incremental lifetime exposure that assumes a life expectancy 

of 70 years. Equations used to calculate estimated intakes are provided below. 

Values of the exposure parameters and assumptions regarding exposure for receptors and exposure 

pathways are presented in Tables 6-10 and 6-l 1. 

6.2.4.1 Dermal Contact with Soil/Sediment 

Direct physical contact with soil may result in the dermal absorption of chemicals. Exposures associated 

with the dermal route were estimated in the following manner (USEPA, December, 1989 and July 2004): 

Intakesi = (Csi)(SA)(AF)(ABS)(CF)(EF)(ED) /(BW)(AT) 

where: 
Intake,, = 

cs, = 
SA = 
AF = 
ABS p = 
CF = 
EF = 
ED = 
BW = 
AT = 

amount of chemical “i” absorbed during contact with soil (mg/kg/day) 
concentration of chemical “i” in soil/sediment (mg/kg) 
skin surface area available for contact (cm’/day) 
skin adherence factor (mg/cm’) 
absorption factor (dimensionless) 
conversion factor (1 xl Ow6 kg/mg) 
exposure frequency (days/yr) 
exposure duration (yr) 
body weight (kg) 
averaging time (days) 
for noncarcinogens, AT = ED x 365 days/yr 
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for carcinogens, AT = 70 yrs x 365 days/yr 

Exposed surface areas of the body available for dermal contact were determined for each receptor based 

on assumed human activities and clothing worn during exposure events. USEPA guidance (USEPA, 

August 1997 and July 2004) was used to develop the default assumptions concerning the amount of skin 

surface area available for contact for a receptor. The skin surface areas used in risk assessment 

calculations and the rationale for the selection of the surface areas are as follows: 

. For adolescent trespassers, 25 percent of the total body surface area of an adolescent (aged 7 to 

16) was assumed to be available for contact with soil. The RME value (3,820 cm’) was derived 

from the 95’” percentile surface area data, and the CTE value (3,100 cm*) was derived from the 

50th percentile data, as provided in Table 6-6 of the Exposure Factors Handbook (USEPA, 

August, 1997). 

. Maintenance workers and construction/excavation workers were assumed to be exposed on the 

head, hands, and forearms assuming that they wear a short-sleeved shirt, long pants, and shoes. 

As recommended in RAGS Part E (USEPA, July 2004) this skin surface area is assumed to be 

3,300 cm* for the RME and CTE scenarios. This value represents the average of the 501h 

percentile areas of males and females more than 18 years old. 

. For future military and civilian adult residents and adult recreational users assumed exposed to 

soil and sediment, the exposed surface areas available for contact were the values for the adult 

skin surface area for exposure to soil recommended in RAGS Part E (USEPA, July 2004), 5,700 

cm* for the RME and for the CTE. This skin area assumed that head, hands, forearms, and lower 

legs of the adult are available for contact. For child residents (military and civilian) assumed to be 

exposed to soil and sediment, the exposed surface areas available for contact were the values for 

child skin surface area for exposure to soil recommended in RAGS Part E (USEPA, July 2004), 

2,800 cm* for the RME and for the CTE. This skin area assumes that head, hands, forearms, 

lower legs, and feet of the child are available for contact. For child residents (military and civilian) 

assumed to be exposed to surface water while wading in the Skokie Ditch, the exposed surface 

area was assumed to be 50 percent of the total child skin surface area recommended in RAGS 

Part E (USEPA, July 2004), 3,300 cm* for the RME and for the CTE. 

Values of soil adherence factors and chemical-specific dermal absorption factors provided in RAGS 

Part E (USEPA, July 2004) were used to evaluate risks from exposure to soil and sediment. The 

following soil adherence factors are used for the RME and CTE exposure scenarios: 
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l Maintenance and Occupational Workers - 0.2 mg/cm* for the RME and 0.02 mg/cm* for the CTE 
(Exhibit 3.5, USEPA, July 2004). 

l Construction Workers - 0.3 mg/cm* for the RME and 0.1 mg/cm* for the CTE (Exhibit 3.3, 
USEPA, July 2004). 

l Adolescent Recreational Users - 0.2 mg/cm’ for the RME and 0.04 mg/cm* for the CTE. (Exhibit 3.5, 
USEPA, July 2004). 

. Future Adult Residents and Adult Recreational Users - 0.07 mg/cm* for the RME and 0.01 mg/cm* 
for the CTE (Exhibit 3.5, USEPA, July 2004) 

. Future Child Residents - 0.2 mg/cm2 for the RME and 0.04 mg/cm* for the CTE (Exhibit 3.5, 
USEPA, July 2004). 

For the constituents identified as COPCs in soil and sediment, the following absorption factors were used 

(USEPA, July 2004) in the risk calculations: 

. PCBs-0.14 

. PAHs - 0.13 

. Dioxins/furans - 0.03 
l Arsenic - 0.03 
l Cadmium - 0.001 
l Semivolatile organics - 0.1 
l Other inorganics and volatile organics - not evaluated for dermal contact with soil (USEPA, July 

2004) 

6.2.4.2 Incidental Ingestion of Soil/Sediment 

Incidental ingestion of soil by potential receptors was assumed to coincide with dermal exposure. 

Exposures associated with incidental ingestion are estimated in the following manner (USEPA, December 

1989): 

Intakesi = (Csi)(lRs)(Fl)(EF)(ED)(CF) /(BW)(AT) 

where: 
Intake,, = 
csi = 
IR, = 
FI = 
EF = 
ED = 
CF = 
BW = 
AT = 

intake of contaminant “i” from soil/sediment (mg/kg/day) 
concentration of contaminant “i” in soil/sediment (mg/kg) 
ingestion rate (mg/day) 
fraction ingested from contaminated source (dimensionless) 
exposure frequency (dayslyr) 
exposure duration (yr) 
conversion factor (1 E-6 kg/mg) 
body weight (kg) 
averaging time (days) 
for noncarcinogens, AT = ED x 365 days/yr 
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for carcinogens, AT = 70 yrs x 365 days/yr 

The same exposure.frequencies and durations used in the estimation of dermal intakes were used to 

estimate exposure via incidental ingestion. A default value of 1 .O (USEPA, December 1989) was used for 

the fraction ingested from the contaminated source for the RME and CTE scenarios. For the RME 

scenario, the ingestion rate was set at 330 mg/day for the construction worker (USEPA, December 2002), 

200 mg/day for the future child resident, and 100 mg/day for the other potential receptors (the 

maintenance worker, occupational worker, future adult resident, and recreational users) (USEPA, May 

1993). Ingestion rates for the CTE were assumed to be one-half of the RME values. 

6.2.4.3 Inhalation of Air Containing Fugitive DustNolatiles Emitted from Soil 

This inhalation pathway was quantitatively evaluated because the maximum concentrations of 

naphthalene and dioxins/furans exceeded the USEPA and Illinois EPA screening levels for migration from 

soil to air (see Table 6-l ) and inhalation risks were calculated for these chemicals only. 

The amount of chemical a receptor takes in as a result of respiration is determined using the 

concentration of the contaminant in air. Intakes of both particulates and vapors from soil were calculated 

using the same equation, as follows (USEPA, December 1991 and July 1996): 

Intake,r = [C,r x IR, x ET x EF x ED x (l/PEF + l/VF)] / (BW x AT) 

where: Intake,i 
Csi 

IRa 

ET 
EF 
ED 
PEF 
VF 
BW 
AT 

= intake of chemical “i” from air via inhalation (mg/kg/day) 
= concentration of chemical “i” in soil (mg/kg) 
= inhalation rate (m3/hr or day) 
= exposure time (hours/day) 
= exposure frequency (days/yr) 
= exposure duration (yr) 
= Particulate Emission Factor (m3/kg) 
= volatilization factor (chemical-specific) (m3/kg) 
= body weight (kg) 
= averaging time (days) 

for noncarcinogens, AT = ED x 365 days/yr 
for carcinogens, AT = 70 yr x 365 days/yr 

The concentration of a chemical in air was determined using the methodology provided in the USEPA’s 

Soil Screening Guidance (USEPA, July 1996 and December 2002), measured soil concentrations, and 

additional site-specific information, such as source area and wind speed. The following inhalation rates 

were used to calculate the inhalation intakes: for construction/excavation workers, 2.5 m3/hour for the 

RME and 1.5 m3 per hour for the CTE (USEPA, August 1997 and December 2002), 20 m3/day for adult 
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residents (USEPA, December 1989), and 10 m3/day for child residents six years of age (USEPA, August 

1997, Table 5-23). The volatilization factor for naphthalene was calculated based on the USEPA’s Soil 

Screening Guidance (USEPA, December 2002). The particulate emission factor for and child and adult 

residents (1.36 x 10’ m3/kg) was obtained from the Soil Screening Guidance (USEPA, December 2002). 

The particulate emission factor for the construction/excavation worker (1.27 x 1 O6 m3/kg) was calculated 

using equations and input factors from the Soil Screening Guidance (USEPA, December 2002). 

Calculations of the volatilization and particulate emission factors for the construction worker are 

presented in Appendix F-l. 

6.2.4.4 Dermal Contact with Groundwater 

Dermal contact with groundwater was evaluated by methods and equations provided in RAGS Part E 

(USEPA, July 2004). Direct contact with groundwater at Site 1 is limited to exposure that would occur 

under hypothetical future residential and construction/excavation scenarios. Hypothetical future on-site 

residential receptors were assumed to use groundwater for domestic purposes (i.e., bathing, showering, 

and dish washing) that can result in dermal exposure. Short-term dermal exposure was assumed to 

occur for the construction worker during excavation activities. Groundwater at Site 1 is not currently used 

as a source of potable water. 

The following equation was used to assess exposures resulting from dermal contact with water (USEPA, 

July 2004): 

where: 

DAD,, 

Wm, 
EV 
ED 
EF 
A 
BW 
AT 

dermally absorbed dose of chemical “i” from water (mg/kg/day) 
absorbed dose per event (mg/cm*-event) 
event frequency (events/day) 
exposure duration (yr) 
exposure frequency (days/yr) 
skin surface area available for contact (cm*) 
body weight (kg) 
averaging time (days) 
for noncarcinogens, AT = ED x 365 days/yr 
for carcinogens, AT = 70 yrs x 365 days/yr 

The exposed surface area of construction workers was based on assumed activities and on the 

assumptions outlined for dermal contact with soil. Current guidance (USEPA, July 2004) was used to 
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develop the following default assumptions concerning the amount of skin surface area available for 

contact for a receptor, as follows: 

l For construction workers assumed exposed to groundwater, the surface area for the RME and CTE 

was assumed to be 3,300 cm*, the value recommended for soil contact in the USEPA’s dermal 

guidance (USEPA, July 2004). 

l Dermal intakes for residents assumed total body exposure, 6,600 cm* for children (0 - 6 years of age) 

and 18,000 cm* for adults (USEPA, July 2004). 

The absorbed dose per event (DA,,,,,) was estimated using a nonsteady-state approach for organic 

compounds and a traditional steady-state approach for inorganics. For organics, the following equations 

apply: 

If t event < t*, then : DA event = PFAN Kp) (c,,) (CF) 

If t e,,ent > t’ I then : DA event =(FA)(K&(c,,)(CF) 

where: 

t event = 

t’ = 

FA = 
K, = 
C gw = 
T = 
n = 
CF = 
B = 

duration of event (hr/event) 
time it takes to reach steady-state conditions (hr) 
fraction absorbed (dimensionless) 
permeability coefficient from groundwater through skin (cm/hr) 
concentration of chemical ‘7” in groundwater (mg/L) 
lag time (hr) 
constant (dimensionless; equal to 3.1416) 
conversion factor (1 xl Om3 Ucm3) 
partitioning constant derived by Bunge Model (dimensionless) 

The estimated length of time for a shower or bath was assumed to be 10 minutes for the CTE and 15 

minutes for the RME. Receptors were assumed to spend an additional 5 minutes in the bathroom 

following their shower or bath: Construction/excavation workers were assumed to be exposed to shallow 

groundwater in a trench 4 hours per day for the RME and 2 hours per day for the CTE. An event 

frequency of one per day was assumed for the CTE and RME (residents were assumed to take one 

shower or bath per day). 
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Values for the chemical-specific parameters (t’, K,, T, and B) were obtained from the current dermal 

guidance (USEPA, July 2004). 

The following steady-state equation was used to estimate DA,,,, for inorganics: 

The recommended default value of 1 xl Od3 was used for the dermal permeability of inorganic constituents, 

unless a chemical-specific value is provided in the USEPA guidance. For most metals, dermal absorption 

is not a significant pathway because penetration through the skin is minimal. 

6.2.4.5 Ingestion of Groundwater 

Hypothetical residents may be exposed to groundwater via direct ingestion. Intakes associated with 

ingestion of groundwater were evaluated using the following equation (USEPA, December 1989): 

Intake, = (C, W=L )W-)FD) 
@‘WWT) 

where: 

Intake,.,, = 
cwi = 
IR, = 
EF = 
ED = 
BW = 
AT = 

intake of chemical “i” from water (mg/kg/day) 
concentration of chemical “i” in water (mg/L) 
ingestion rate for ground water (L/day) 
exposure frequency (days/year) 
exposure duration (year) 
body weight (kg) 
averaging time (days) 
for noncarcinogens, AT = ED x 365 days/year 
for carcinogens, AT = 70 years x 365 days/year 

Water ingestion rates for the adult resident were 1.4 liters L per day (CTE) and 2.0 L per day (RME). For 

the child resident, water ingestion rates are 0.66 L per day (CTE) and 1.5 L per day (RME). The same 

exposure times, frequencies, and durations used to assess dermal exposure to water were used to 

estimate intakes for ingestion of water. 
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6.2.4.6 Inhalation of Volatiles from Groundwater while Showering 

This pathway was quantitatively evaluated in the risk assessment because several VOCs (i.e., benzene 

and naphthalene) were identified as COPCs for groundwater. Groundwater exposure may also result in 

inhalation of volatiles, typically for residential receptors who may be exposed while showering, bathing, 

washing dishes, etc. Inhalation exposures were estimated using a mass transfer model developed 

specifically for this exposure route in combination with an air intake estimation model. The mass transfer 

model accounts for inhalation that occurs during a shower and after a shower while the receptor remains 

in the closed bathroom. The following method was used to estimate intakes from showering (Foster and 

Chrostowski, June 1987): 

Intake,, = (S)(lR,,)(K)(EF)(ED) / (BW)(AT)(R,)(CF) 

K = D, + ew (- R, x D, 1 exp 4 x R - 4 

Ra - Re 

where: Intake,, = 
s = 
IR,, = 
K = 
EF = 
ED = 
BW = 
AT = 
R, = 
CF = 
D, = 
D, = 

intake of chemical “i” from water via inhalation (mg/kg/day) 
volatile chemical generation rate (ug/m3-min - shower) 
inhalation rate (lfmin) 
mass transfer coefficient (min) 
exposure frequency (showers/yr) 
exposure duration (yr) 
body weight (kg) 
averaging time or period of exposure (days) 
air exchange rate (min.‘) 
conversion factor (1 x 1 O6 ug-Umg-m3) 
shower duration (min) 
total time in bathroom (min) 

The estimated volatile chemical generation rate is based on two-phase film theory. The model uses 

contaminant-specific mass transfer coefficients, Henry’s Law constants, droplet diameter, drop time, 

viscosity, and temperature. Shower inhalation rates are set at 10 liters per min for adult and child 

residents (USEPA, December, 1989). The shower model calculations are presented in Appendix F-l. 

6.2.4.7 Exposure of Workers to Volatiles in a Construction/Utility Trench 

This pathway was quantitatively evaluated in the risk assessment because several VOCs (i.e., benzene 

and naphthalene) were identified as COPCs for groundwater. There are no well-established models 

available for estimating migration of VOCs from groundwater into a construction/utility trench. This risk 

assessment used an approach suggested by the Virginia Department of Environmental Quality (VDEQ, - 
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accessed online, July, 2007) that is based on a combination of a vadose zone model to estimate 

volatilization of gases from contaminated groundwater into a trench and a box model to estimate 

dispersion of the contaminants from the air inside the trench into the above-ground atmosphere to 

estimate the EPC for air in a construction trench. The VDEQ methodology is described in the following 

sections. 

The airborne concentration of a contaminant in a trench can be estimated using the following equation: 

C trench = CGW x VI= 

where: 
C trench = air concentration of contaminant in the trench (ug/m3) 
c = 
vEW = 

concentration of contaminant in groundwater (ug/L) 
volatilization factor (Um3) 

The model used in this risk assessment assumes that a construction project could result in an excavation 

to 15 feet bgs or less. If the depth to groundwater at a site is less than 15 feet, the VDEQ model 

assumes that a worker would encounter groundwater when digging an excavation or a trench. The 

worker would then have direct exposure to the groundwater. The worker would also be exposed to 

contaminants in the air inside the trench that would result from volatilization from the groundwater pooling 

at the bottom of the trench. 

The following equation is used to calculate the VF for a trench less than 15 feet deep: 

where: 
6 
A 
F 
ACH 
V 
1 o‘3 
lo4 
3,600 

overall mass transfer coefficient of contaminant (cm/s) 
area of the trench (m*) 
fraction of floor through which contaminant can enter (unitless) 
air changes per hour = 360 he’ 
volume of trench (m3) 
conversion factor (Ucm3) 
conversion factor (cm*/m*) 
conversion factor (seconds/hr) 

Studies of urban canyons suggest that if the ratio of trench width to trench depth, relative to wind 

direction, is less than or equal to 1, a circulation cell or cells will be set up within the trench that limits the 

degree of gas exchange with the atmosphere and the air changes per hour is assumed to be of 2 per hr 

based on measured ventilation rates of buildings. If the ratio of trench width to trench depth is greater 

than one, air exchange between the trench and above-ground atmosphere is not restricted, and ACH is 

assumed to be 360 per hr based upon the ratio of trench depth to the average wind speed. The risk 
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assessment assumes that the width to trench depth ratio is greater than 1 and the air changes per hour is 

assumed to be 360 per hour. 

The overall mass transfer coefficient (Ki) is calculated as follows: 

Ki = 1 / {(l/kiL) + [(FIT) / (Hi kiG)]} 

where: 
kiL = liquid-phase mass transfer coefficient of i cm/s 
R = ideal gas constant (atm-m3/mole-“K) = 8.2 x 1 Oe5 
T = average system absolute temperature (“K) (Default = 298°K) 
Hi = Henry’s Law constant of i (atm-m3/mol) 
KiG = gas-phase mass transfer coefficient of i (cm/s) 

where: 
kiL = 
kiL 
MW02 1 

(MW02/MWi)o-5 x (T/298) x kL,02 
liquid-phase mass transfer coefficient of component i (cm/s) 
molecular weight of O2 (g/mol) 

MWr = molecular weight of component i (g/mol) 
kL, O2 = liquid-phase mass transfer coefficient of oxygen at 25°C (cm/s) 

The value of kL, O2 is 0.002 cm/s. 

kiG = (MWH20/MWi)0.335 X (T/298)‘.0°5 X kG, HP0 

where: 
kiG 
MWH*O== 
kG,H*O = 

gas-phase mass transfer coefficient of component i (cm/s) 
molecular weight of water (g/mol) 
gas-phase mass transfer coefficient of water vapor at 25°C (cm/s) 

The value of kG, HP0 is 0.833 cm/s 

Exposures for construction workers associated with the inhalation route are estimated in the following 

manner (USEPA, December 1989): 

lntake,,,,,,i = (C trenchi )(IRa )(ET)(EF)(E”) 

WWA-0 

where: 

lntaketrenchi = intake of chemical ‘7” from air via inhalation (mg/kg/day) 

C trenchi = concentration of chemical ‘7” in air (mg/m”) 
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IR, = 
ET = 
EF = 
ED = 
BW = 
AT = 

inhalation rate (m3/hr) = 2.5 m3/hr (USEPA, December 2002) 
exposure time (hours/day) 
exposure frequency (days/yr) 
exposure duration (yr) 
body weight (kg) 
averaging time (days) 
for noncarcinogens, AT = ED x 365 days/yr 
for carcinogens, AT = 70 yr x 365 days/yr 

Input assumptions and calculations of the VDEQ model are presented in Appendix F-l. Site-specific 

values of input parameters were used, if available. If site-specific values were not available, model 

default values were used. Chemical properties (e.g., Henry’s Law constants) were obtained from the Soil 

Screening Guidance (USEPA, December 2002). 

6.2.4.8 Incidental Ingestion of Surface Water 

Potential receptors may incidentally ingest small amounts of surface water while wading in the Skokie 

Ditch. Intakes associated with ingestion of surface water were evaluated using the following equation 

(USEPA, December 1989): 

Intake,, = (Cwi l(1R-a )(W(EF)(ED) 

@‘NAT) 

where: 

Intake,, = 
cwi = 
IR, = 
ET = 
EF = 
ED = 
BW = 
AT = 

intake of chemical “i” from water (mg/kg/day) 
concentration of chemical “i” in water (mg/L) 
ingestion rate for surface water (L/hour) 
exposure time for surface water (hour/day) 
exposure frequency (days/year) 
exposure duration (year) 
body weight (kg) 
averaging time (days); 
for noncarcinogens, AT = ED x 365 days/year; 
for carcinogens, AT = 70 years x 365 days/year 

An ingestion rate of 0.01 L per hour was used for adults and adolescents under CTE and RME conditions 

(USEPA Region 4, May 2000) and 0.05 L per hour for children (USEPA Region 4, May 2000). Exposure 

times, which are based on professional judgment with consideration of anticipated activities, were specified 

as 4 hour per day for construction workers and adolescent trespassers/recreational users, 2 hours per day 

for maintenance workers and hypothetical future residents, and 1 hour per day for adult recreational users 

(golfers) for RME. Exposure times for the CTE were assumed to be one-half the RME values. Because 

surface water and sediment exposure coincides, the same exposure durations and frequencies previously 
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identified for exposure to sediment were used to evaluate inadvertent surface water ingestion. Exposure 

factor values for ingestion of surface water are summarized in Tables 6-l 0 and 6-11. 

6.2.4.9 Dermal Contact with Surface Water 

The same equations used to assess dermal exposure to groundwater were used to evaluate dermal 

exposure to surface water. The following skin surface areas were used for evaluating dermal exposure to 

surface water: 3,300 cm2 was used as the exposed surface area for excavation/construction workers and 

maintenance workers; 5,700 cm2 for adult recreational users and future adult residents; 3,280 cm2 for 

adolescent trespassers; and 3,300 cm2for child residents (one-half the total body area of the child) for the 

RME. The same exposed surface areas were used to evaluate risks for the CTE, with the exception of 

adolescent trespassers (surface area for the CTE is 3,100 cm2 which represents 25 percent of the 50th 

percentile total body surface area of an adolescent). The same exposure times, frequencies, and 

durations used to assess ingestion of surface water were used to estimate intakes for dermal exposure. 

6.2.5 Exposure to Lead 

Lead was identified as a COPC for subsurface soil because the maximum detected concentration (1,410 

mg/kg) exceeded the 400 rng/kg screening concentration. Lead was also identified as a COPC for 

groundwater because the maximum detected concentration (8.4 ug/L) exceeded the Illinois EPA 

Groundwater Remediation Objective for Class 1 Groundwater (7.5 ug/L). The equations and 

methodologies presented in the previous sections cannot be used to evaluate exposure to lead because 

of the absence of published dose-response parameters. Exposure to lead was assessed using the latest 

version of the USEPA’s Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead (USEPA, May, 

2002). This model is designed to estimate blood levels of lead in children (under 7 years of age) based 

on either default or site-specific input values for air, drinking water, diet, dust, and soil exposure. 

Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead. Considerable behavioral and developmental impairments have been noted in children 

with elevated blood lead levels. The threshold for toxic effects from this chemical is believed to be in the 

range of 10 ug/dL to 15 ug/dL. Blood lead levels greater than 10 ug/dL are considered to be a “concern.” 

The IEUBK Model for lead is used to address exposure to lead in children if detected groundwater 

concentrations exceed federal or state screening levels or if detected soil or sediment concentrations 

exceed the Office of Solid Waste and Emergency Response soil screening level of 400 mg/kg for 
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residential land use (USEPA, July 1994). Average lead concentrations, as well as model default values 

for some input parameters, were employed in the model calculations. 

Adult exposure to lead in soil was quantified by the model provided by the USEPA’s Technical Review 

Workgroup for Lead (USEPA, November 2003). In this model, adult exposure to lead in soil is addressed 

by an evaluation of the relationship between the site soil lead concentration and the blood lead 

concentration in the developing fetuses of adult women. The adult lead model generates a spreadsheet 

for each exposure scenario evaluated (i.e., workers and adult recreational users). The spreadsheets 

calculate a range of 95’h percentile fetal blood lead concentrations from central estimates of blood lead 

concentrations in pregnant adult women. The spreadsheets also calculate 95’h percentile blood lead 

concentrations in fetuses born to women exposed to lead in soil. 

Input parameters and results of the child and adult lead models are presented in Appendix F-3. 

6.3 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations. Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human health effects were defined for the identified COPCs. 

Quantitative toxicity values determined during this component of the risk assessment were integrated with 

outputs of the exposure assessment to characterize the potential for the occurrence of adverse health 

effects for each receptor group. 

The toxicity value used to evaluate noncarcinogenic health effects is the Reference Dose (RfD). 

Carcinogenic effects are quantified using the Cancer Slope Factor (CSF). 

6.3.1 Toxicitv Criteria 

Oral and inhalation RfDs and CSFs used in the HHRA for Site 1 were obtained from the following primary 

literature sources (USEPA, December 2003): 

l Integrated Risk Information System (IRIS) (Online). 

l USEPA Provisional Peer Reviewed Toxicity Values - The Office of Research and 

Development/National Center for Environmental Assessment Super-fund Health Risk Technical 
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Support Center develops Provisional Peer Reviewed Toxicity Values on a chemical-specific basis 

when requested by USEPA’s Super-fund program. 

l Annual Health Effects Assessment Summary Tables (USEPA, July 1997) for chronic and subchronic 

toxicity values. 

l Other Toxicity Values - These sources include but are not limited to California Environmental 

Protection Agency toxicity values and the Agency for Toxic Substances and Disease Registry Minimal 

Risk Levels. 

Although RfDs and CSFs can be found in several toxicological sources, USEPA’s IRIS online database is 

the preferred source for toxicity values. The USEPA Region 9 PRG tables and Region 3 Risk-Based 

Concentration tables were also used as sources of toxicity criteria. The RfDs and CSFs used in the risk 

assessment calculations for Site 1 are presented in Tables 6-l 2 through 6-l 5. 

6.3.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered doses; therefore, these values are 

considered to be inappropriate for estimating the risks associated with dermal routes of exposure. Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

comparison to estimated dermal exposure intakes is made. Because this information is not always 

readily available, oral dose-response parameters were adjusted to an absorbed dose using chemical- 

specific absorption efficiencies published in available guidance (USEPA, July 2004) and the following 

equations: 

RfD dermal = (RfDoral XABSGl) 

CSF dermal = (CSFora, I / (ABSGI I 

where: 

ABS,, = absorption efficiency in the gastrointestinal tract 
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6.3.3 Toxicity Criteria for Carcinoqenic Effects of PAHs 

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs. The 

most extensively studied PAH is BaP, classified by the USEPA as a known human carcinogen. Although 

CSFs are available of BaP, insufficient data are available to calculate CSFs for other carcinogenic PAHs. 

Toxic effects for these chemicals are evaluated using the concept of estimated orders of potential 

potency, as presented in USEPA guidance (USEPA, July 1993). These parameters are based on the 

carcinogenicity of BaP and are available for select carcinogenic PAHs. The equivalent oral and inhalation 

CSFs for these chemicals is derived by multiplying the CSF for BaP by the order of potential potency. 

Carcinogenic PAHs were evaluated as total BaP Equivalents in the risk assessment. If any carcinogenic 

PAH was identified as a COPC for any medium, the BAP Equivalent was calculated for that medium and 

was used as the EPC for estimating risk. 

6.3.4 Calculation of Risks for Carcinogens that Act by a Mutagenic Mode of Action (PAHs) 

The risk estimates for carcinogenic PAHs in soil at Site 1 were calculated using the methodology provided 

in RAGS-Part A and the methodology used by USEPA Region 9 in the calculation of the PRGs (see 

Section 4.1.2.4). In March 2005, the USEPA provided general direction on implementing the EPA’s 2005 

Guidelines for Carcinogen Risk Assessment and Supplemental Guidance for Assessing Susceptibility 

from Early-Life Exposure to Carcinogens because of special considerations for carcinogens that act via a 

mutagenic mode of action (e.g., PAHs). 

The aspect of the new guidelines that most directly affects the calculation of cancer risks is the use of 

age-dependent adjustment factors to adjust cancer risk for receptors whose exposure includes early life. 

For chemicals that the USEPA has determined to be carcinogenic via a mutagenic mode of action, 

special adjustments are applied in estimating cancer risks. For example, vinyl chloride has a chemical- 

specific adjustment, as described in IRIS. For the other chemicals (e.g., PAHs), where no chemical- 

specific age-dependent adjustment factors have been developed, default age-dependent adjustment 

factors are used: 10 for age 0 to 2, 3 for age 2 tol6, and no adjustment for ages 16 and up. In October 

2006, USEPA Region 3 began to use these default age-dependent adjustment factors to calculate its 

Risk-Based Concentrations for a number of chemicals, including PAHs. 

For the Site 1, risks for future residents and adolescents could be affected by this new guidance. Risks 

calculated for workers would not be affected. The implications and uncertainties associated with the new 

guidance are discussed in the uncertainty section. 
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6.3.5 Toxicitv of Dioxin/Furans 

The USEPA has classified 2,3,7,8-TCDD as a B2 carcinogen (probable human carcinogen). An oral CSF 

for 2,3,7,8-TCDD is not available in IRIS, but a value of 1.5 x lo5 (mg/kg/day)“ is available in Health 

Effects Assessment Summary Tables (USEPA, July 1997) and is specified in the Region 3 Risk-Based 

Concentration and Region 9 PRG tables. The oral CSF is currently under review by USEPA and may be 

revised in the future (USEPA, December 2003). 

USEPA recommends that a Toxicity Equivalence Factor approach be used to evaluate chlorinated dioxin 

and furan congeners. The total amount of toxic dioxin and furan congeners present at a site is usually 

expressed as toxicity equivalents quotients (TEQs) of 2,3,7,8-TCDD present. The Toxicity Equivalence 

Factors recommended by the World Health Organization in June 2005 were used to calculate the 2,3,7,8- 

TCDD TEQs in the Site 1 risk assessment. The following table presents the World Health Organization 

TEFs. 

Dioxin/furan Congener 

World Health Organization 

Toxicity Equivalence Factors 

2,3,7,8-TCDD 1 
1,2,3,7,8-PeCDD 1 
HxCDDs 0.1 
HpCDDs 0.01 
OCDD 0.0003 
Other CDDs 0 
2,3,7,8-TCDF 0.1 
1,2,3,7,8-PeCDF 0.03 
2,3,4,7,8-PeCDF 0.3 
HxCDFs 0.1 
HpCDFs 0.01 
OCDF 0.0003 
Other CDFs 0 

Similar to PAHs, dioxins/furans were evaluated as total 2,3,7,8-TCDD equivalents (2,3,7,8-TCDD TEQ) in 

the risk assessment. If dioxins/furans were identified as COPCs in any medium, the 2,3,7,8-TCDD TEQ 

was calculated for that medium and was used as the EPC for estimating risk. 

6.3.6 Toxicity Criteria for Chromium 

Toxicity criteria are available for two different forms of chromium, the trivalent state and the hexavalent 

state, of which the latter is considered to be more toxic. The screening of chromium was conducted 

assuming that 100 percent of the reported total chromium is hexavalent. Should chromium, assumed to 

be all hexavalent, prove to be a significant contributor to risk, further investigation regarding the presence 
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and valence state of chromium may be necessary. The uncertainty associated with the assumption that 

all chromium is hexavalent chromium is discussed in the uncertainty section (Section 6.5.3.7). 

6.4 RISK CHARACTERIZATION 

This section provides a characterization of the potential human health risks associated with potential 

exposures to COPCs at Site 1. Section 6.4.1 outlines the methods used to quantitatively estimate the 

type and magnitude of potential risks for human receptors. A summary of the risk characterization for Site 

1 is provided in Section 6.4.4. 

6.4.1 Quantitative Analysis 

Quantitative estimates of risk were calculated according to risk assessment methods outlined in USEPA 

guidance (USEPA, December 1989). Lifetime cancer risks are expressed in the form of dimensionless 

probabilities, referred to as ILCRs, based on CSFs. Noncarcinogenic risk estimates are presented in the 

form of HQs that are determined through a comparison of intakes with published RfDs. 

ILCR estimates were generated for each COPC using estimated exposure intakes and published CSFs, 

as follows: 

ILCR = (Estimated Exposure Intake)(CSF) 

If the above equation resulted in an ILCR greater than 0.01, the following equation (USEPA, 1989) was 

used: 

ILCR = 1-[exp (-Estimated Exposure Intake)(CSF)] 

An ILCR of 1~10.~ indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

As mentioned previously, noncarcinogenic risks are assessed using the concept of HQs and HIS. The 

HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

HQ = (Estimated Exposure Intake) /(RfD) 
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An HI is generated by summing the individual HQs for the COPCs. The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true “risk”; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 

6.4.2 Comparison of Quantitative Risk Estimates to Benchmarks 

Quantitative risk estimates are compared to typical benchmarks to interpret the quantitative risks and to 

aid risk managers in determining the need for remediation at a site. Calculated ILCRs are interpreted 

using the USEPA’s “target range” (1 xl Oe4 to 1 xl O-‘)and HIS are evaluated using a value of 1 .O. 

The USEPA has defined the range of 1~10‘~ to 1~10.~ as the ILCR target range for most hazardous waste 

facilities addressed under CERCLA and RCRA. Individual or cumulative ILCRs greater than 1~10.~ are 

typically not considered as protective of human health, and ILCRs less than 1 xl Om6 are typically regarded 

as protective. Risk management decisions are necessary when the ILCR is within the 1x1 Om4 to 1~10~~ 

cancer risk range. Risks greater than 1x1 Od6 are discussed in the risk assessment. The Illinois EPA goal 

for carcinogenic risks, as specified in TACO, is 1 xl O-6. 

An HI exceeding unity (1 .O) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeded unity, a segregation of target organs effects associated with exposure 

to COPCs was performed. Only those chemicals that affect the same target organ(s) or exhibit similar 

critical effect(s) are regarded as truly additive. Consequently, it may be possible for a cumulative HI to 

exceed 1.0, but have no anticipated adverse health effects if the COPCs do not affect the same target 

organ or exhibit the same critical effect. 

6.4.3 Qualitative Analvsis 

A qualitative evaluation of risk was made for the following exposure situations. 

l The soil inhalation pathway was initially evaluated by a comparison of maximum site soil 

concentrations to USEPA Generic SSLs for transfers from soil to air and Illinois EPA Tier 1 Soil 

Remediation Objectives for Residential Properties (Illinois EPA, online, July, 2007) for the 

inhalation exposure route. If the maximum site concentration exceeds the SSL for a chemical, a 

quantitative analysis of this exposure pathway was performed. For Site 1, the concentrations of 

naphthalene and dioxins/furans in subsurface soil exceeded the soil-to-air criteria. Therefore, the 

inhalation of dioxins/furans and naphthalene on dust and particulate matter and the inhalation of 
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naphthalene vapors were quantitatively evaluated in the risk assessment for construction 

workers. 

l A qualitative evaluation of the potential for migration of soil contaminants to groundwater was 

conducted by a comparison of maximum soil concentrations to Illinois EPA and USEPA SSLs for 

transfers from soils to groundwater in Table 6-2. SSLs based on DAFs of 1 and 20 were used in 

the evaluation. The comparisons are presented and discussed in Section 6.1.3.1. 

6.4.4 Risk Characterization 

This section contains a summary of the results of the risk characterization for Site 1. Quantitative risk 

estimates for potential human receptors were developed for those chemicals identified as COPCs. 

Uncertainties associated with the risk estimates are discussed in Section 6.5. The methodology used to 

calculate the risks presented in this section is provided in Sections 6.2 and 6.3. Potential cancer risks 

(ILCRs) and noncarcinogenic HIS were calculated for current/future maintenance workers, adolescent and 

adult trespassers/recreational users, and for future construction workers, occupational workers, and 

on-site civilian and military residents. Risks to military residents were evaluated by reference to the risks 

calculated for civilian residents because the civilian risks are slightly greater or the same as the military 

resident risks. The results of the risk assessment for these receptors are summarized in Tables 6-l 6 and 

6-17 for the RME and CTE scenarios, respectively. Risks were calculated for subsurface soil, 

groundwater, and surface water and sediment in the Skokie Ditch. Results of the risk assessment in 

RAGS Part D format are included in Appendix F-l. Sample risk assessment calculations are presented 

in Appendix F-4. 

6.4.4.1 Noncarcinogenic Risks - RME 

Noncarcinoaenic Risks for Exposure to Subsurface Soil - RME 

The cumulative HI for the receptor most likely to be exposed to subsurface soil at Site 1, the future 

excavation/construction worker, was less than unity (1 .O), indicating that adverse noncarcinogenic health 

effects are not anticipated for this receptor under the defined RME exposure conditions. 

Noncarcinoaenic Risks for Exposure to Surface Water and Sediment in the Skokie Ditch - RME 

HIS for the potential receptors were less than unity (1.0) indicating that adverse noncarcinogenic health 

effects are not anticipated for these receptors under the defined RME exposure conditions. 
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Noncarcinoqenic Risks for Exposure to Groundwater - RME ._ 

The cumulative HI for excavation/construction workers was less than 1 on a target-organ basis. 

The cumulative groundwater HIS for future child and adult residents (HIS = 28 and 8, respectively) 

exceeded unity. The major contributors to the HIS were iron (child HQ = 2, adult HQ = 0.7), manganese 

(child HQ = 21, adult HQ = 6), and vanadium (child HQ = 2, adult HQ = 0.6). These risks were based on 

assumed exposure to the maximum detected concentrations of iron (17,600 ug/L), manganese (5,070 

ug/L), and vanadium (20.7 ug/L) in unfiltered samples. As stated previously, comparisons of the filtered 

and unfiltered sample data indicates that turbidity in the samples may have affected the analysis of the 

unfiltered samples. For example, iron was not detected in the filtered groundwater samples and the 

maximum concentrations of manganese in the filtered groundwater samples were approximately an order 

of magnitude less than maximum concentrations in the unfiltered samples. Risk for exposure to the 

maximum concentrations in the filtered samples would be less than 1. 

6.4.4.2 Carcinogenic Risks - RME 

Carcinoqenic Risks for Subsurface Soil - RME 

The cumulative ILCR for the excavation/construction worker (ILCR = 5~10~~) assumed to be exposed to 

COPCs in subsurface soil was within the USEPA target risk range, 1~10~~ to 1~10~~ but exceeded the 

Illinois EPA goal of 1~10~~. Ingestion of dioxins/furans accounted for more than 90 percent of the total 

subsurface soil ILCR. The dioxin/furan risk was based on exposure to the sample with the maximum TEQ 

concentration (NTCOlSB090). As stated previously, there is considerable uncertainty in the 

concentrations of analytes in this sample because the concentrations in the duplicate sample 

(NTCOlSB0900812-D) collected at this location were considerably different. For example, the 

concentrations of the 2,3,7,8-TCDD TEQs in the sample and the duplicate were, 90 ng/kg and 9,000 

ng/kg, respectively, indicating that there is a great amount of uncertainty in the EPC used to estimate the 

risks for dioxins/furans. 

Carcinoqenic Risks for Exposure to Surface Water - RME 

The cumulative ILCR for the excavation/construction worker (7~10.~) was less than the USEPA target risk 

range, 1~10~~ to 1~10~~. Cumulative ILCRs for maintenance workers (lx10m5), adolescent trespassers/ 

recreational users (2x10e5), adult recreational users (1~10~~)~ and future residents (total residential ILCR = 

3~10~~) were within the USEPA target risk range but exceeded the Illinois EPA goal of 1~10.~. Dermal 

contact with PAHs and dioxins/furans was the major contributor to these ILCRs. There are uncertainties 
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in the risks estimates for dermal contact with PAHs and dioxins/furans that tend to greatly overestimate 

the risks for surface water. The nature and magnitude of this uncertainty are discussed in Section 

6.5.3.3. In addition, the surface water risks were based on maximum detected concentrations. 

Carcinoqenic Risks for Exposure to Sediment - RME 

Cumulative ILCRs for excavation/construction workers (3~10~~) were less than the USEPA target risk 

range, 1~10~~ to 1x10F4. Cumulative ILCRs for maintenance workers (3x1 Oe6), adolescent trespassers/ 

recreational users (3x10e6), adult recreational users (2x10e6), and future residents (total residential ILCR = 

7~10~~) were within the USEPA target risk range but exceeded the Illinois EPA goal of 1~10~~. PAHs (62 

percent) and arsenic (28 percent) account for most of the total residential ILCR. The maximum 

concentration of arsenic (10.1 mg/kg) slightly exceeded the background concentration (8 mg/kg) and the 

average concentration across the site (7 mg/kg) was less than background. 

Carcinoqenic Risks for Exposure to Groundwater - RME 

The cumulative ILCR for the construction worker (1x1 O-‘) was less than (1x1 Oe6). The total residential 

ILCR (child + adult = 9x1O-5) was within the USEPA’s target risk range but exceeded the Illinois EPA goal 

of 1x10+. Arsenic accounted for more than 99 percent of the total ILCR. The risks for arsenic were 

based on ingestion of the maximum detected concentration (3.3 ug/L) which is significantly less than the 

USEPA MCL (10 ug/L) and the Illinois EPA Remediation Objective for Class 1 Groundwater (50 ug/L). 

Exposure to the MCL concentration results in a calculated risk greater than 1~10~~. In addition, the risks 

for arsenic were based on concentrations in unfiltered groundwater samples. However, arsenic was 

detected in only 3 of 13 unfiltered groundwater samples and was not positively detected in the filtered 

samples. Furthermore, the maximum detected concentration of arsenic is at the low end of the range of 

published background levels for the United States, less than 1 to 30 ug/L, (Dragun, 1988) and is also 

within the range of background wells in the State of Illinois in a study conducted by the Unitied States 

Geological Survey and reported online at http://water.usqs.qov/nawqa/trace/arsenic. Also, groundwater 

at the site is not currently used as a source of potable water nor is it expected to be used in the future. 

6.4.4.3 Noncarcinogenic Risks - CTE 

Noncarcinoqenic Risks for Exposure to Subsurface Soil - CTE 

Target-organ-specific HIS for the future excavation/construction worker were less than unity (l.O), 

indicating that adverse noncarcinogenic health effects are not anticipated for this receptor under the 

defined CTE exposure conditions. 
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Noncarcinooenic Risks for Exposure to Surface Water and Sediment in the Skokie Ditch - CTE 

HIS for the potential receptors were less than unity (1.0) indicating that adverse noncarcinogenic health 

effects are not anticipated for these receptors under the defined CTE exposure conditions. 

Noncarcinoqenic Risks for Exposure to Groundwater - CTE 

The cumulative HI for excavation/construction workers was less than 1. 

The cumulative groundwater HIS for future child and adult residents (HIS = 9 and 4, respectively) 

exceeded unity. The major contributor to these HIS was manganese (child HQ = 6, adult HQ = 3). As 

discussed above, there are several uncertainties that tend to overestimate the calculated groundwater 

risks for manganese and other COPCs. 

6.4.4.4 Carcinogenic Risks - CTE 

Carcinoqenic Risks for Subsuface Soil - CTE 

The subsurface soil ILCR for the excavation/construction worker (ILCR = 2~10~~) was within the USEPA 

target risk range, 1~10~~ to 1~10~~ but exceeded the Illinois EPA goal of 1~10~~. Ingestion of dioxins/furans 

accounted for most of the total subsurface soil ILCR. As stated previously, there is considerable 

uncertainty in the dioxin/furan EPC for subsurface soil because of very poor field duplicate precision. 

Carcinooenic Risks for Exposure to Surface Water - CTE 

The cumulative ILCR for excavation/construction workers (5~10~~) was less than the USEPA target risk 

range, 1xl’Oe6 to 1x1 ti4. Cumulative ILCRs for maintenance workers (2x10s6), adolescent trespassers/ 

recreational users (8x10m6), adult recreational users (2~10~~) and future residents (total residential ILCR = 

4~10~~) were within the USEPA target risk range but exceeded the Illinois EPA goal of 1~10.~. Dermal 

contact with PAHs and dioxins/furans accounted for most of the surface water ILCRs. 

Carcinoaenic Risks for Exposure to Sediment - CTE 

Sediment ILCRs for the potential receptors evaluated were less than 1 xl Om6. 

Carcinoqenic Risks for Exposure to Groundwater - CTE 
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The cumulative ILCR for the construction worker (6x10“‘) was less than (1~10~~). The total residential 

ILCR (child + adult = 1~10~~) was within the USEPA’s target risk range but exceeded the Illinois EPA goal 

of 1x1o-6. As with the RME scenario, arsenic accounted for most of the total ILCR and is subject to the 

same uncertainties discussed above. 

6.4.4.5 Evaluation of Exposure to Lead 

Lead was identified as a COPC for subsurface soil and groundwater at Site 1 because the maximum 

detected lead concentrations (1,410 mg/kg in soil and 8.4 ug/L in groundwater) exceeded the 400 mg/kg 

Office of Solid Waste and Emergency Response soil screening level for residential land use and the 

Illinois EPA Remediation Objective for Class I Groundwater (7.5 us/L), respectively. 

As discussed in Section 6.2.5, the methodology used to calculate the risks presented in Sections 6.4.4.1 

through 6.4.4.4 cannot be used to evaluate exposure to lead because of the absence of published dose- 

response parameters. Exposure to lead was assessed using the USEPA’s IEUBK Model for lead, 

(USEPA, May 2002) and the USEPA’s Adult Lead Model (USEPA, January 2003). The IEUBK model is 

typically used to evaluate lead exposure assuming a residential land use scenario, and the Adult Lead 

Model was used to evaluate lead exposure for non-residential land use scenarios. 

The blood-lead concentration of a receptor is considered a key indicator of the potential for adverse 

health effects. The IEUBK and Adult Lead models calculate the probability of a receptor’s blood-lead level 

exceeding 10 ug/dL. The USEPA goal is to limit the childhood risk of exceeding a 10 ug/dL blood-lead 

concentration to 5 percent. 

Current USEPA guidance (USEPA, online at http://www.epa.oov/superfundlproqramsllead/tnrisk.htm, 

July 2007) recomm,ends using the average concentration to evaluate exposure to lead. Therefore, the 

average lead concentration for groundwater (2.2 ug/L) and the average lead concentration in subsurface 

soil (209 mg/kg), and model default values for other model parameters were used in the IEUBK and Adult 

Lead modeling. The results of the IEUBK Model and Adult Lead Model evaluations are presented in the 

following sections. 

IEUBK Model Results 

The results of the IEUBK modeling are presented in the following table. 

IEUBK Model Results for Subsurface Soil and Groundwater at Site 1 

1 Lead Concentration 1 Predicted Geometric Mean 1 Probability of the Child Blood- 1 
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Soil - 209 mg/kg 
Groundwater - 2.2 ug/L 

Blood-Lead Level (pg/dL) 
(USEPA Goal = 10) 

3.4 

Lead Level Exceeding 10 pg/dL 
(percent) 

(USEPA Goal = 5%) 

1 

. . . 

The results of the IEUBK model evaluation for Site 1 indicate that the estimated geometric mean blood- 

lead level for a child resident is 3.4 pg/dL which is less than the established level of concern (10 pg/dL). 

Approximately 1 percent of children are expected to experience blood-lead levels greater than 10 ug/dL. 

This estimate is less than USEPA’s goal of limiting exposure to lead so that no more than 5 percent of 

exposed children have an estimated blood-lead level greater than the established level of concern (i.e., 

10 pg/dL). The IEUBK evaluation is conservative in several respects; it assumes exposure by a 

hypothetical child resident and assumes that the child is exposed to subsurface soil. Both of these 

scenarios are unlikely to occur at Site 1. 

Adult Lead Model Results 

The results of the adult lead modeling are presented in the following table. 

Adult Lead Model Results for the Excavation/Construction Worker 

Exposure to Lead in Subsurface Soil 

Lead Concentration 

Soil - 209 mg/kg 

Predicted Geometric Mean 
Blood-Lead Level of a Worker 

(w/W 
(USEPA Goal = 10) 

2.2 

Probability of the Fetus of a 
Worker Having Blood- Lead 
Levels Exceeding 10 pg/dL 

(percent) 
(USEPA Goal = 5%) 

2.0 

The central estimate blood-lead level for construction workers exposed to the average concentration of 

lead in surface soil (209 mg/kg) was 2.2 ug/dL. The probability that blood-lead levels of fetuses of adult 

workers would be greater than 10 pg lead/dL of blood was 2 percent. This estimates are less than the 

USEPA’s goal of limiting exposure to lead so that no more than 5 percent of exposed receptors have an 

estimated blood-lead level greater than the established level of concern (i.e., 10 ug/dL). 

Summary of Lead Model Evaluation 

The IEUBK and Adult Lead Model analysis of lead concentrations in subsurface soil and groundwater at 

Site 1 indicate that predicted blood levels for children and excavation/construction workers and the 

fetuses of the construction worker were acceptable (i.e., within USEPA’s goals and the probabilities of 
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exceeding these goals from exposure to lead in soil were less than the USEPA goal of 5 percent). The 

results of the IEUBK and Adult Lead modeling are presented in Appendix F-3. 

6.5 UNCERTAINTY ANALYSIS 

There is uncertainty associated with all aspects of the HHRA. A summary of the uncertainties, including a 

discussion of how they may affect the final risk estimates, is provided in this section. 

Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the 

grouping of samples, the numbers, types, and distributions of samples, and the procedures used to 

include or exclude constituents as COPCs. Uncertainty associated with the exposure assessment 

includes the values used as input variables for a given intake route or scenario, the assumptions made to 

determine EPCs, and the predictions regarding future land use and population characteristics. 

Uncertainty in the toxicity assessment includes the quality of the existing toxicity data needed to support 

dose-response relationships and the weight of evidence used to determine the carcinogenicity of COPCs. 

Uncertainty in risk characterization includes that associated with exposure to multiple chemicals and the 

cumulative uncertainty from combining conservative assumptions made in earlier steps of the risk 

assessment process. 

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the 

assumptions made throughout ttie risk assessment, including selection of COPCs and selection of values 

for dose-response relationships. Throughout the risk assessment, assumptions are biased toward a 

margin of safety so that the final calculated risks are overestimated. 

Generally, risk assessments include two types of uncertainty: measurement and informational uncertainty. 

Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For 

example, this type of uncertainty is associated with analytical data collected for each site. The risk 

assessment reflects the accumulated variances of the individual values used. 

Informational uncertainty is associated with inadequate availability of information needed to complete the 

toxicity and exposure assessments. Often, this gap is significant, such as the absence of information on 

the effects of human exposure to low doses of a chemical, on the biological mechanism of action of a 

chemical, or on the behavior of a chemical in soil. 

After the risk assessment is complete, the results must be reviewed and evaluated to identify the types 

and magnitude of uncertainty involved. ‘Reliance on results from a risk assessment without consideration 
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of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to make sure that the particular assumptions made are protective of sensitive subpopulations or the 

maximum exposed individuals. If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those assumptions, 

thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward over 

predicting both carcinogenic and noncarcinogenic risks. Thus, both the results of the risk assessment 

and the uncertainties associated with those results must be considered when making risk management 

decisions. 

This interpretation is especially relevant when the risks exceed the point of departure for defining 

“acceptable” risk. For example, when risks calculated using a high degree of uncertainty are less than an 

acceptable risk level (i.e., 10m4 to 10m6), the interpretation of no significant risk is typically straightforward. 

However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level 

(i.e., 10e4), a conclusion can be difficult unless uncertainty is considered. 

6.5.1 Uncertaintv in Selection of COP& 

The most significant issues related to uncertainty in COPC selection were the usability of existing 

databases (only validated data were used in this risk assessment) and the completeness, precision, and 

accuracy of the data set, the inclusion of chemicals potentially attributable to background in the 

quantitative risk assessment, the screening levels used, and the absence of screening levels for a few 

chemicals detected in site media. A brief discussion of each of these issues is provided in the remainder 

of this section. 

6.51 .l Usability of Existing Databases 

Data from samples collected for the RI were used to assess risks to potential human receptors. The RI 

samples were biased because they were collected in areas of known or suspected contamination. 

Because the sampling was biased, the uncertainty is expected to be minimal, and risks are not likely to be 

underestimated. 

The data used in the HHRA were validated in accordance with the Quality Assurance Project Plan 

(TtNUS, February 2007). The qualification of data during the formal data validation process is not 

expected to impact the results of the baseline HHRA. Analytical data qualified as estimated were utilized, 

even though the reported concentrations or sample-specific quantitation limits may be somewhat 
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imprecise. The use of estimated data adds to the uncertainty associated with the risk assessment; 

however, the associated uncertainty is expected to be negligible compared to the other uncertainties 

inherent in the risk evaluation process (i.e., uncertainties with land uses, exposure scenarios, 

toxicological criteria, etc.). Analytical data attributable to blank contamination were used in the risk 

assessment. When determining exposure concentrations via statistical procedures, a chemical selected 

as a COPC but not detected in a particular sample was conservatively assumed to be present in that 

sample at a concentration equal to one-half the sample-specific quantitation limit. Analytical results for 

some chemicals were qualified “R,” rejected, and were not used in the risk assessment. The rejection of 

a few chemicals in a few samples is not considered to be problematic because there were enough usable 

analytical data for these parameters to identify whether they are actually present at the site and to 

estimate the necessary data distribution parameters. Because the data have been validated, the 

uncertainty in the calculated risks associated with the data is minimal. This is especially true because the 

COPCs used in the quantitative risk calculations were minimally affected by data quality problems. 

6.5.1.2 COPC Screening Levels 

The use of risk-based screening concentrations, based on conservative land use scenarios (i.e., 

residential land use), corresponding to an ILCR of lO-‘j and HI of 0.1 should make sure that significant 

contributors to risk from a site were evaluated. The elimination of chemicals present at concentrations 

that correspond to an ILCR less than 1O-6 and an HI less than O.l’should not affect the final conclusions 

of the risk assessment because these chemicals are not expected to cause a potential health concern at 

the detected concentrations. 

6.5.1.3 Chemicals without Established Screening Levels 

Risk-based screening levels are currently not available for some constituents [e.g., acenaphthylene, 

2-methylnaphthalene, benzo(g,h,i)perylene, and phenanthrene]. Therefore, surrogates with similar 

chemical structures were selected for these chemicals. In the COPC screening, acenaphthene was used 

as a surrogate for acenaphthylene, naphthalene was used as a surrogate for 2-methylnaphthalene, 

pyrene was selected as a surrogate for benzo(g,h,i)perylene and phenanthrene, and chlordane was used 

as a surrogate for alpha- and gamma-chlordane. Applying toxicity values for one compound to another 

added to uncertainty in the risk assessment both in regard to the selection of COPCs and the 

subsequently calculated risks. 

A number of constituents do not have USEPA SSLs or Illinois EPA Remediation Objectives for the migration 

from soil to air pathway. This uncertainty is expected to be small because potential risks associated with 
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exposures via inhalation are typically orders of magnitude lower than those associated with exposures via 

incidental ingestion and dermal contact with soil. A comparison of screening criteria for direct contact 

exposures with screening criteria for migration from soil to air shows that, in most cases, the direct contact 

screening criteria are at least an order of magnitude less than the soil-to-air migration screening criteria for 

the same compound. If there are unacceptable risks resulting from inhalation exposures, there are usually 

also unacceptable risks from exposures via the incidental ingestion and dermal contact exposure pathways. 

6.5.1.4 Chemicals Potentially Attributable to Background 

The background evaluation for Site 1 was, for the most part, not an important consideration in the COPC 

selection process. No site-specific or facility background concentrations are available for Naval Station 

Great Lakes. Background concentrations provided by Illinois EPA were used for soil and sediment 

background comparisons. No background or upgradient data were available for groundwater or surface 

water. 

An examination of the COPC selection tables (Tables 6-l through 6-6) shows that only one constituent 

(manganese in sediment) was eliminated as a COPC on the basis of comparison to background levels. 

However, the maximum detected concentration of manganese was less than the Region 9 PRG (based 

on an HI of 1) and the Illinois EPA Remediation Objective for Residential Soil (Table 6-l). Therefore, the 

risk estimates for sediment have likely not been underestimated by omitting manganese from the 

quantitative risk assessment. 

In general, because only one constituent in one medium was eliminated from the risk assessment and 

because background concentrations were not available for some media, it is likely that risks for Site 1 

have been overestimated for metals and anthropogenic organic compounds. 

6.5.1.5 Uncertainty Associated with Turbidity in Groundwater Samples 

Another significant source of uncertainty for the risk estimates developed for groundwater is the fact that 

elevated concentrations of some metals (e.g., arsenic, iron, and manganese in groundwater) selected as 

COPCs appear to be, in part, the result of particulate matter in unfiltered samples. As discussed in Section 

6.4.4.1, risks for arsenic, iron, manganese, and vanadium in groundwater were based on assumed 

exposure to the. maximum detected concentrations in unfiltered samples. Comparisons of filtered and 

unfiltered sample data indicate that turbidity in the samples may have affected the analysis of the 

unfiltered samples. For example, arsenic and iron were not detected in filtered groundwater samples, 

and the maximum concentration of manganese in filtered groundwater samples was approximately an 
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order of magnitude less than the maximum concentration in the unfiltered samples. Risks based on turbid 

samples might be greatly overestimated because groundwater that is turbid is unlikely to be used as a 

domestic water supply source and/or is often filtered before being used for drinking and other residential 

uses. 

6.5.2 Uncertaintv in the Exposure Assessment 

Uncertainty in the exposure assessment arises from the determination of land use conditions, in the 

methods used to calculate EPCs, in the selection of receptors and scenarios, and in the selection of 

exposure parameters. Each of these is discussed below. 

6.5.2.1 Land Use 

The current land use patterns at Site 1 are well established, thereby limiting the uncertainty associated 

with land use assumptions. The site is a golf course and access is not limited. The most likely receptors 

at the site are maintenance workers and recreational users. To be conservative and to aid in risk 

management decisions, risks to future excavation/construction workers and hypothetical future residents 

were estimated for the site. 

6.5.2.2 Exposure Point Concentrations 

Uncertainty is associated with the use of the 95-percent UCL on the mean concentration as the EPC. As 

a result of using the 95-percent UCL, the estimations of potential risk for the RME scenario are most likely 

overstated. The UCL is a representation of the upper limit that potential receptors would be exposed to 

over the entire exposure period. In some cases (because data sets contained less than 10 samples or 

because the UCL was greater than the maximum concentration), the maximum concentration was used 

as the EPC. Use of the maximum concentration tends to overestimate potential risks because receptors 

are assumed to be exposed continuously to the maximum concentration for the entire exposure period. 

Uncertainty is also introduced when non-detects are assigned a value of one-half the sample-specific 

quantitation limit in the calculation of the EPC. This may either overstate or understate the risks to the 

receptors. 

There is also uncertainty in assuming that current groundwater and surface water concentrations will not 

change in the future, and this would introduce additional uncertainty in the EPCs and risks for the 

groundwater or surface water COPCs. Concentrations in groundwater and surface water may diminish 

over time due to natural attenuation processes involving source depletion and dilution. 
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As discussed in Section 6.2.3, the risks calculated for groundwater were based on maximum detected 

concentrations of COPCs. In order to eliminate some of the uncertainty associated with use of maximum 

concentrations to estimate groundwater risks, risk estimates for COPC concentrations detected in the 

other wells (permanent and temporary) were also calculated assuming residential exposures and are 

presented in the following table. 

RISKS FOR DISCRETE GROUNDWATER WELLS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

well NO. 1 Child 1 Adult 1 Total 1 Child I Adult I \ . . . . . . 

GWOlOl 
GW0201 
GW0301 
GWO401 

Carcinogenic Risks (ILCRs) 

Resident Resident Residential 
2.1x lo+ 2.4X 10.’ 3.7x lo+ 
2.1x 1o-5 2.4X lo-’ 3.7x 1o‘5 
4.1x 1o-5 4.7x lo+ 7.4x 1o-5 
2.1x lo+ 2.4X 1O-5 3.7x 1o-5 

Noncarcinogenic His 

Resident Resident 
3.1 0.9 
1.5 0.4 
7.6 2.2 
1.5 0.5 

I 
_.. _ 

GW05u I 1 L.lA IU 1 L.4A IU 1 .3./n IU I I U.3 

GW0601 1 2.1X 1O-5 1 2.4X 10.’ 1 3.7X 1O-5 1 ::i 1.4 

- 
Maximum 

Concentrations 4.1x 1o-5 4.7x 1o-5 7.4x 1o-5 28 8.4 

The elevated ILCRs shown in the table are mainly due to exposure to arsenic. Note that arsenic was 

positively detected in only three samples. One-half the detection limit of arsenic was used to calculate 

risks for the other samples. The elevated HIS were mainly due to exposure to iron, manganese, and 

vanadium. As discussed in Section 6.4.4.1, there are a number of significant uncertainties associated 

with the risks for these metals (e.g., turbidity in the samples and lack of background samples). 

6.5.2.3 Exposure Routes and Receptor Identification 

The determination of various receptor groups and exposure routes of potential concern was based on 

current land use observed at the site and the anticipated future land use. Therefore, the uncertainty 

associated with the selection of exposure routes and potential receptors is minimal because they are 

considered to be well defined. Although residential use of groundwater was evaluated as an exposure 

scenario, groundwater is not currently used at the site nor is it expected to be used in the future. 

Therefore, the evaluation of direct exposure to groundwater performed in this HHRA was included 

primarily to aid in risk management decision making. 
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652.4 Exposure Parameters 

Each exposure factor (for RME and CTE scenarios) selected for use in the risk assessment has some 

associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States. The attributes and activities studied in these surveys generally have a 

broad distribution. To avoid underestimation of exposure, in most cases, the USEPA guidelines (USEPA 

March 1991 and May 1993) on the RME receptor were used, which generally specify the use of the 95’h 

percentile for most parameters. Therefore, the selected values for the RME receptor represent the upper 

bound of the observed or expected habits of the majority of the population. 

Generally, the uncertainty can be assessed quantitatively for many assumptions made in determining 

factors for calculating exposures and intakes. Many of these parameters were determined from statistical 

analyses on human population characteristics. Often, the database used to summarize a particular 

exposure parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables 

in the RME scenario have low uncertainty. 

For many parameters for which limited information exists (i.e., dermal absorption of chemicals from soil), 

greater uncertainty exists. For example, current USEPA guidance (USEPA, July 2004) does not provide 

dermal absorption factors for exposure to VOCs and most metals (except arsenic and cadmium) in soil. 

Therefore, risks for dermal contact from soil and sediment are not evaluated for most metals in this risk 

assessment. Consequently, risks from exposure to soil and sediment may be underestimated. 

Many of the exposure parameters used to calculate exposures and risks in this report were selected from 

a distribution of possible values, including USEPA guidance (USEPA, December 1991 and May 1993) 

and dermal guidance (USEPA, August 1997 and July 2004). For the RME scenario, the value 

representing the 95’h percentile is generally selected for each parameter to ensure that the assessment 

bounds the actual risks from a postulated exposure. This risk number is used in risk management 

decisions but does not indicate what a more average or typical exposure might be or what risk range 

might be expected for individuals in the exposed population. 

To address these issues, USEPA (USEPA, February 1992) suggested the use of the CTE receptor, 

whose intake variables are often set at approximately the 50th-percentile of the distribution. The risks for 

this receptor seek to incorporate the range of uncertainty associated with various intake assumptions. 

The USEPA does provide limited guidance for the CTE evaluation (USEPA, May 1993) but it was 

necessary to use professional judgment for some parameters in the CTE calculations. 
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6.5.2.5 Uncertainty Associated with Risk Estimates for Future Residential to Subsurface Soil 

There is uncertainty in risk estimates developed for the hypothetical future resident because the HHRA did 

not assume that these receptors would be directly exposed to subsurface soil contamination. In order to 

determine the effects of possible exposure to subsurface soil, risk estimates were calculated for hypothetical 

residents assuming that these receptors are exposed to subsurface soil contamination (i.e., assuming that 

subsurface soils are excavated and brought to the surface). The results of the subsurface soil evaluation 

are presented in the following table. 

Risk Estimates for Exposure of Future Residents to COPCs in 
Subsurface Soil - Site 1 (RME) 

Receptor 

Future Child Resident 

Hazard Index Incremental Lifetime 
WI) Cancer Risk 

3 1x1o-3 

Future Adult Resident 
I I 

0.3 I 4x1 o-4 , 
Total Residential (Child + Adult) 1 NA 1x1o-3 

As shown in the above table, the lLCRs for the hypothetical future resident exceed the USEPA’s target 

risk range, 1 x10W6 -1 xl Oe4. The elevated ILCRs were mainly due to exposure to dioxins/furans and PAHs 

that accounted for 84 percent and 14 percent of the total subsurface soil risks, respectively. HIS for the 

receptors evaluated for exposure to subsurface soil are less than the USEPA goal of 1 on a target- organ- 

specific basis. 

6.5.3 Uncertainty in the Toxicoloqical Evaluation 

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs and use of 

available criteria) are presented in this section. 

6.5.3.1 Derivation of Toxicity Criteria 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and 

dose-response evaluations for the COPCs. The hazard assessment deals with characterizing the nature 

and strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in 

animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated 

as a weight-of-evidence determination using USEPA methods. Positive animal cancer test data suggest 

that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal data 

cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of 
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noncancer effects, however, positive animal data often suggest the nature of the effects (i.e., the target 

tissues and type of effects) anticipated in humans. 

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data. 

Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route 

when the magnitude of the response is clearly dose related when pharmacokinetic data indicate a similar 

fate in humans and animals when postulated mechanisms of toxicity are similar for humans and animals 

and when the chemical of concern is structurally similar to other chemicals for which the toxicity is more 

completely characterized. 

Uncertainty in the dose-response evaluation includes the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD for the noncarcinogenic assessment. Uncertainty is introduced 

from interspecies (animal-to-human) extrapolation, which, in the absence of quantitative pharmacokinetic 

or mechanistic data, is usually based on consideration of interspecies differences in basal metabolic rate. 

Uncertainty also results from intraspecies variation. Most toxicity experiments are performed with animals 

that are very similar in age and genotype, so intragroup biological variation is minimal, but the human 

population of concern may reflect a great deal of heterogeneity, including unusual sensitivity or tolerance 

to the COPC. Even toxicity data from human occupational exposure reflect a bias because only those 

individuals sufficiently healthy to attend work regularly (the “healthy worker effect”) and those not 

unusually sensitive to the chemical are likely to be occupationally exposed. Finally, uncertainty arises 

from the quality of the key study and the database from which the quantitative estimate is derived. For 

cancer effects, the uncertainty associated with dose-response factors is mitigated by assuming the 

95-percent upper bound for the slope factor. Another source of uncertainty in carcinogenic assessment is 

the method by which data from high doses in animal studies are extrapolated to the dose range expected 

for environmentally exposed humans. The linearized multistage model, which is used in nearly all 

quantitative estimations of human risk from animal data, is based on a nonthreshold assumption of 

carcinogenesis. Evidence suggests however, that epigenetic carcinogens, as well as many genotoxic 

carcinogens, have a threshold below which they are noncarcinogenic. Therefore, the use of the 

linearized multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the derivation of the RfD to 

mitigate poor quality of the key study or gaps in the database. Additional uncertainty for noncancer 

effects arises from the use of an effect level in the estimation of an RfD, because this estimation is 

predicated on the assumption of a threshold less than which adverse effects are not expected. 

Therefore, an uncertainty factor is usually applied to estimate a no-effect level. Additional uncertainty 

arises in estimation of an RfD for chronic exposure from subchronic data. Unless empirical data indicate 
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that effects do not worsen with increasing duration of exposure, an additional uncertainty factor is applied 

to the no-effect level in the subchronic study. Uncertainty in the derivation of RfDs is mitigated by the use 

of uncertainty and modifying factors that normally range between 3 and 10. The resulting combination of 

uncertainty and modifying factors may reach 1,000 or more. 

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the 

case when no gastrointestinal absorption rates are available in the literature or when only qualitative 

statements regarding absorption are available. 

6.5.3.2 Uncertainty Associated with Evaluation of the Dermal Exposure Pathway for Soil and 

Sediment 

According to RAGS Part E (USEPA, July 2004), risks for dermal absorption of inorganics in soil are to be 

quantitatively evaluated for arsenic and cadmium only. Therefore, risks from dermal exposure to metals 

other than arsenic and cadmium in soil or sediment were not quantified in the risk assessment. 

Consequently, potential risks for these media may be underestimated as a result of the exclusion of these 

constituents from the dermal risk assessment calculations. The following paragraphs provide further 

discussion regarding the uncertainty associated with the evaluation of the dermal absorption of metals from 

soil and sediment. 

The model for dermal exposure to soil and sediment assumes that only a very thin layer of soil of constant 

thickness is available for contaminant transfer to the stratum corneum and that a constant amount of 

contaminant, proportional to the soil concentration, will be absorbed per unit area of skin and per exposure 

event. However, adherence to skin varies with such factors as particle size, soil type, and organic carbon 

content. As estimated by USEPA (USEPA July 2004), the absorbed dermal dose could vary by as much as 

a factor of 50 from the model estimates, even assuming that activity patterns leading to the exposure 

duration applied in the experimental trials used to develop absorption factors. 

Experimental determination of absorption rates indicates that interspecies differences are considerable, 

which, along with other variables related to condition and age of skin, differences in lag time, and site of 

application effects, yields appreciable uncertainty in estimated dermal exposures using published 

chemical-specific permeation functions. In addition, literature data indicate a variation by as much as a 

factor of 300 in chemical absorption rates for skin in different anatomical areas of the body. It should also 

be noted that children generally have greater absorption rates than adults. 
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6.5.3.3 Uncertainty Associated with Evaluation of the Aqueous Dermal Exposure Pathway 

As discussed in Section 6.4.4.2, dermal contact with PAHs and dioxins/furans in surface water was the 

major contributor to risks for several receptors. As shown in Tables 6-16 and 6-17, and in the RAGS Part 

D tables in Appendix F-l, the risks for dermal contact were three to four orders of magnitude greater than 

risks by ingestion. The dermal risks were calculated using a USEPA model presented in RAGS Part E 

(USEPA, July 2004) which, according to the guidance, tends to overestimate intakes and risk for some 

chemicals (e.g., PAHs, PCBs, and dioxins). Appendices A and B of RAGS Part E discuss the 

uncertainties in the permeability coefficients for these chemicals and the limitations of the dermal 

absorption model when evaluating chemicals such as the PAHs and dioxins. In addition, studies have 

shown that PAHs in aqueous solutions do not penetrate the skin. For this reason, TtNUS was instructed 

by USEPA Region 4 via e-mail not to evaluate risks for dermal contact with PAHs in water (USEPA 

Region 4, July 2000). Based on the studies discussed in the e-mail, the uncertainty associated with the 

aqueous dermal pathway for PAHs is “greater than a billion fold”. 

6.5.3.4 Uncertainty in the Risks Calculated for Carcinogenic PAHs 

The risk estimates for carcinogenic PAHs in subsurface soil, sediment, and surface water at Site 1 were 

calculated using the methodology provided in RAGS Part A and the methodology used by USEPA Region 

9 in the calculation of the PRGs. In March 2005, the USEPA provided general direction on implementing 

the USEPA’s 2005 Guidelines for Carcinogen Risk Assessment and Supplemental Guidance for 

Assessing Susceptibility from Early-Life Exposure to Carcinogens because of special considerations for 

carcinogens that act via a mutagenic mode of action (e.g., PAHs). 

The aspect of the new guidelines that most directly affects the calculation of cancer risks is the use of 

age-dependent adjustment factors to adjust cancer risk for receptors whose exposure includes early life. 

For chemicals that the USEPA has determined to be carcinogenic via a mutagenic mode of action, 

special adjustments are applied in estimating cancer risks. For example, vinyl chloride has a chemical- 

specific adjustment, as described in IRIS. For the other chemicals (e.g., PAHs), where no chemical- 

specific age-dependent adjustment factors have been developed, default age-dependent adjustment 

factors are used: 10 for age 0 to 2, 3 for age 2 to16, and no adjustment for ages 16 and up. In October 

2006, USEPA Region 3 began to use these default age-dependent adjustment factors to calculate its 

Risk-Based Concentrations for a number of chemicals, including PAHs. 

The implications of this new guidance for the risk assessment for Site 1 are that risks for future residents 

and adolescent trespassers may be underestimated by approximately three to four times based .on the 
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default age-dependent adjustment factors used by USEPA Region 3. For example, in the risk 

assessment for Site 1, the total residential risk (child + adult) for sediment was 7~10.~ and the sediment 

risk for adolescent trespassers/recreational users was 3~10.~. If the new methodology and default age- 

dependent adjustment factors were used to calculate the risks for PAHs, the ILCRs for these receptors 

would be 3~10‘~ and 1x10e5, respectively. Risks calculated for workers would not be affected by the new 

guidance. 

6.5.3.5 Uncertainty Associated with Toxicity Criteria for Aluminum and Iron 

National Center for Environmental Assessment provisional RfDs were used to evaluate noncarcinogenic 

effects from exposure to aluminum, copper, and iron. The provisional RfDs for these chemicals are 

based on allowable intakes rather than adverse effect levels. Therefore, there is some degree of 

uncertainty associated with the use of the RfDs. Some USEPA regions (e.g., Region 1) consider the use 

of the oral RfD for aluminum, cobalt, copper, and iron inappropriate and recommend that these metals not 

be evaluated quantitatively in risk assessments. 

6.5.3.6 Alternate RfD for Manganese 

The oral RfD for manganese listed in the Region 9 PRG table (0.024 mg/kg/day) was used to calculate 

risks for ingestion and dermal contact with groundwater. This value includes a modification factor of 3 and 

an adjustment factor for the dietary contribution, which is applied to the non-dietary RfD (0.14 mg/kg/day) 

presented in IRIS. IRIS indicates that an adjustment for the dietary contribution should be subtracted 

from this allowable intake. Using the modified and adjusted RfD results in risk estimates six times higher 

than if the non-dietary RfD were used. If the non-dietary RfD was used for groundwater at Site 1, the HQ 

for manganese for the future child resident would decrease from 21 to 3.5 and would still slightly exceed 

the goal of 1. The HQ for the adult resident would decrease from 6 to 1. 

6.5.3.7 Uncertainty in the Toxicity Criteria for Chromium 

Toxicity criteria are available for different forms of chromium, which is considered to be more toxic in the 

hexavalent state. Because there is no evidence that hexavalent chromium is present at the Site 1, 

speciation analyses were not performed for the medium at the site. Risks associated with this chemical 

were assessed by conservatively assuming that 100 percent of the reported total chromium result is 

attributable to hexavalent chromium. Therefore, the risks calculated for chromium in subsurface soil, 

groundwater, and sediment are likely overestimated. However, because the HQs calculated for 

chromium in these media were less than unity, the uncertainty introduced into the risk assessment is 

minimal. 
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6.5.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization resulted from assumptions made regarding additivity of effects from 

exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing 

noncancer risks for several substances across different exposure pathways. This assumes that each 

substance has a similar effect and/or mode of action. Even when compounds affect the same target 

organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may 

not have been an appropriate assumption. However, the assumption of additivity was considered 

acceptable because in most cases it represented a conservative estimate of risk. 

Risks to any individual may also have been overestimated by summing multiple assumed exposure pathway 

risks for any single receptor. Although every effort was made to develop reasonable scenarios, not all 

individual receptors may have been exposed via the pathways considered. 

Also, the risk characterization did not consider antagonistic or synergistic effects. Little or no information 

was available to determine the potential for antagonism or synergism for the COPCs. Because 

chemical-specific interactions could not be predicted, the likelihood for risks to be over predicted or under 

predicted could not be defined, but the methodology used was based on current USEPA guidance. 

6.6 SUMMARY AND CONCLUSIONS 

This section summarizes the results of the HHRA performed for Site 1. The HHRA for the Site 1 was 

performed to characterize the potential risks to likely human receptors under current and potential future 

land use. Potential receptors under current land use are maintenance workers, adolescent 

trespassers/recreational users, and adult recreational users. Potential receptors under future land use 

are construction/excavation workers, occupational workers, and hypothetical child and adult residents. 

Military residents (child and adult) were evaluated by reference to hypothetical civilian residents. Although 

the site is not likely to be developed for residential use, potential future residential receptors were 

evaluated in the HHRA primarily for decision-making purposes. 

The direct contact COPCs retained for quantitative risk evaluation at Site 1 are as follows: 

l Subsurface soil - benzo(a)anthracene, BaP, benzo(b)fluoranthene, dibenzo(a,h)anthracene, 

indeno(l,2,3-cd)pyrene, naphthalene, dioxins/furans, aluminum, antimony, arsenic, chromium, 

copper, iron, lead, manganese, silver, thallium, vanadium 
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l Groundwater - benzene, naphthalene, 2-methylnaphthalene, aluminum, arsenic, barium, 

chromium, iron, lead, manganese, vanadium 

l Surface water-vinyl chloride, BaP, dioxins/furans, antimony, thallium 

l Sediment - benzo(a)anthracene, BaP, benzo(b)fluoranthene, dibenzo(a,h)anthracene, 

indeno(l,2,3-cd)pyrene, Aroclor-1248, dioxins/furans, aluminum, arsenic, chromium, iron, 

thallium, vanadium 

In addition to the COPCs based on direct contact listed above, COPCs were also identified for migration 

from soil to groundwater but these constituents were not evaluated in the quantitative risk assessment, as 

explained in Section 6.1.2. Table 6-3 also presents comparisons of concentrations in filtered groundwater 

samples to screening criteria. 

The results of the HHRA for Site 1 are summarized by medium in the following sections. 

6.6.1 Exposure to Subsurface Soil 

The cumulative HI for the receptor most likely to be exposed to subsurface soil at Site 1, the future 

excavation/construction worker, were less than unity (1 .O), indicating that adverse noncarcinogenic health 

effects are not anticipated for this receptor under the defined exposure conditions. 

The cumulative ILCR for the excavation/construction worker (ILCR = 5~10.~) was within the USEPA target 

risk range, 1x1 OW6 to 1~10.~ but exceeded the Illinois EPA goal of 1x1 Oe6. Ingestion of dioxins/furans 

accounted for more than 90 percent of the total subsurface soil ILCR. There is a great deal of uncertainty 

in the EPC used for dioxins/furans because of discrepancies in the analysis of the samples. (see Sections 

6.1.3.1 and 6.4.4.2). 

6.6.2 Exposure to Surface Water in the Skokie Ditch 

Risks for surface water were based on maximum detected concentrations. HIS for the potential receptors 

were less than unity (l.O), indicating that adverse noncarcinogenic health effects are not anticipated for 

these receptors under the defined RME exposure conditions. 
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The cumulative ILCR for the excavation/construction worker (7x1 O-7) was less than the USEPA target risk 

range, 1x1 Oe6 to 1~10~~. Cumulative ILCRs for maintenance workers (1x10e5), adolescent trespassers/ 

.recreational users (2~10~~)~ adult recreational users (1~10~~) and future residents (total residential ILCR = 

3~10~~) were within the USEPA target risk range but exceeded the Illinois EPA goal of 1~10~~. Dermal 

contact with PAHs and dioxins/furans was the major contributor to these ILCRs. There are uncertainties 

in the risk estimates for dermal contact with PAHs and dioxins/furans in surface water that tend to greatly 

overestimate the risks (see Sections 6.4.4.2 and 6.5.3.3). 

6.6.3 Exposure to Sediment in the Skokie Ditch 

HIS for the potential receptors were less than unity (1 .O), indicating that adverse noncarcinogenic health 

effects are not anticipated for these receptors under the defined RME exposure conditions. 

Cumulative ILCRs for excavation/construction workers (3~10~~) were less than the USEPA target risk 

range, 1x1 Oe6 to 1~10~~. Cumulative ILCRs for maintenance workers (3~10-~), adolescent trespassers/ 

recreational users (3x10e6), adult recreational users (2x10e6), and future residents (total residential ILCR = 

7~10~~) were within the USEPA target risk range but exceeded the Illinois EPA goal of 1~10~~. PAHs and 

arsenic accounted for most of the total ILCRs. 

6.6.4 Exposure to Groundwater 

The groundwater risks were based on assumed exposure to the maximum detected concentrations. The 

cumulative HI for excavation/construction workers was less than 1 on a target organ basis. 

The cumulative groundwater HIS for future child and adult residents (HIS = 28 and 8, respectively) 

exceeded unity. The major contributors to the HIS were iron (child HQ = 2, adult HQ = 0.7) manganese 

(child HQ = 21, adult HQ = 6) and vanadium (child HQ = 2, adult HQ = 0.6). As discussed in Sections 

6.4.4.1 and 6.5, there are several significant uncertainties associated with the risks for these metals. 

The cumulative ILCR for the construction worker (1x10-‘) was less than (1x1 Om6). The total residential 

ILCR (child + adult = 9x10e5) was within the USEPA’s target risk range but exceeded theaIllinois EPA goal s 

of 1~10~~. The residential risks were due to arsenic which accounted for more than 99 percent of the total 

ILCR. However, the maximum detected concentration of arsenic (3.3 ug/L) is less than the USEPA MCL 

(10 ug/L) and the Illinois EPA Remediation Objective for Class 1 Groundwater (50 ug/L) and is probably 

within naturally occurring background levels. 
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In summary, noncarcinogenic risks (HIS) for subsurface soil, surface water, and sediment were less than 

USEPA and Illinois EPA benchmarks for the potential receptors evaluated at Site 1. Noncarcinogenic risks 

for potential residential use of groundwater exceeded criteria for children and adults. These risks were due 

to the assumed exposure to maximum detected concentrations of’iron, manganese, and vanadium in 

unfiltered groundwater samples. 

Carcinogenic risks (ILCRs) for subsurface soil, groundwater, surface water, and sediment were within the 

USEPA’s target risk range (1~10.~ to 1~10~~) but exceeded the Illinois EPA goal of 1~10~~ for most 

receptors in these media. Arsenic was the main contributor to risks for groundwater. PAHs and 

dioxins/furans accounted for most of the risk in the other media. As discussed in Sections 6.4.4 and 6.5, 

the risk estimates were subject to a number of significant uncertainties. Among these are the facts that 

background data are not available for groundwater and surface water, concentrations of metals in some 

groundwater samples appear to be elevated because of suspended matter in the samples, and 

groundwater is not currently used at Site 1 nor is it expected to be used in the future. Surface soil was 

not evaluated in the risk assessment because surface soil at Site 1 consists of clean fill to a depfh of 2 

feet. 

xxxxxx/P 6-62 CT0 0013 



TABLE 6-l 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL - DIRECT CONTACT AND INHALATION 

SITE I- GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, lLLlNOlS 

PAGE 1 OF 3 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Entire Site 

I I I I I I I I I 1 TACO-Soil I,. . . , _ .I TACO-Soil 1 I I 

CAS Number Chemical 

VOlatik? Or anic Comoounds lrtdknl A 7 --31 

, ,BUTANONE 67-64-l 
75-09-2 

IACETONE 
IMETHYLENE CHLORIDE 

Semivolatile Organics (ug/kg) 

91-57-6 2-METHYLNAPHTHALENE 95-48-7 
2-METHYLPHENOL 

106-44-5 4-METHYLPHENOL 83-32-9 
ACENAPHTHENE 

208-96-8 ACFNAPHTHYI FNF 

. 

screening Level aasea 
Frequency Concentration 

Screening Level Remediation 
on USEPA Generic 

Remediation Rationale for 
Minimum Maximum Sample with Maximum Range of 

Used for 
Background Based on USEPA 

Concentration(‘) Concentration(‘) 
of 

Objective for 
SSLs for Migration 

Objective for COPC Contaminant 

Nondects”’ Concentration 
Detection Screening’3) 

Concentration@‘) Region 9 PRGs - Residential 
from Soit to Air - 

Residential Flag Deletion or 

Residential Soil(‘) Properties@)- 
Residentialc7’ 

Properties - Selection’8’ 
Ingestion &halatio# 

3.2 J 12 NTC01SB1001012 3/16 4.5 - 16 12 NA 2200000 N NA 24000000 sat NA No 
6.4 J 

1 BSL 
59 J NTC01Si31001012 2116 18-62 59 NA 1400000 N 7800000 NA 100000000 No BSL 

2.1 J 
1 I 

2.3 J NTCOlSB0981516 2/16 4.5 16 - 2.3 NA 9100 c 85000 13000 c 1 13000 No 1 BSL 

40J 1 250 .I NTC01SB0991012 1 414 
39J 1 

1 _- 
i 

I 250 t NA 
I 

I 5600 N(‘) 1 1600000 
I rwnniin 

I NA I NA No 
39 NTCOlSB0991012-D 

1 BSL 
J 114 400-2100 39 __ I NA ._ 

1 
, ninnnn N - - - - - . . I “_“..““” f hlA . ., . NA 

1 ’ 
No BSL 

13J 170 J Nl ~COlSB0991012-D I 214 1 660-890 I t7o NA rrinnnN I . . NA 

1tJ 1 
- . - - - . . . . I MA . .I . NA No BSL 

290 J NTCOlSB1020408 1 314 1 890 - 2100 
iii 

NA 

I 

370000 N 4700000 NA NA No BSL 

11, 100 J NTCOlSB0900812-D 1 2/4 1 400 890 - 100 NA 370000 NC”) 4700000 NA NA No BSL 

420 - 2100 260 NA 2200000 N 23000000 NA NA No BSL 
150 NA 610000 N , NA NA NA No BSL 
520 NA 620 c 900 NA NA No BSL 

! 
II” 

120-12-7 ANTHRACENE 13 J 260 J NTCOlSB1020408 214 
100-52-7 BENZALDEHYDE 110 J 150 J NTCOl SBO900812 2i4 400 - 2100 
56-55-3 BENZO(A)ANTHRACENE 320 J 520 NTCOlSB0991012-D 2f4 400 - 2100 
50-32-a NTCOlSB0991012-D 
205-99-2 

ASL 
900 NA NA ASL 

191-24-2 BENZO(G,H,I)PERYLENE BSL 
207-08-g 

. 
BENZO(K)FLUORANTHENE 130 J 230 J Nl ‘COlSB0991012-D 

I 

2/4 400-2100 230 
117-81-7 

NA 6200 C 
BlS(2-ETHYLHEXYL)PHTHALATE 

I 1 1 I [ 9000 NA NA 
150 J 660 J I 

I 
NTC01SB0900812-D ?I4 t * 1 400-890 1 660 NA I 35onn c I 4mnn hOA I 9,nnnnnn I 

85-68-7 BUTYL BENZYL PHTHALATE 9.8 J 74 J NTCOlSB0950810 1 A/A I -- I 7/l I &,A I 

86-74-a CARRA70l F ,*A I 

No 1 BSL I 

.* . 
I ‘7 

250 J i 
I 

NTCnlSRlnmtnx I 2/4 I 400-2100 I 
I I”,-3 t ,L”“““” LY , I ““’ 

250 NA 24000 C 1 0’ 

---__ - .---l IYr\ , Jr”““““” No BSL 
,9nnnnn hl I ‘=“ooooo NA I 930000 No BSL 

G!ooo NA NA No BSL 
62000 C 88000 NA I NA NO RSI 

..-_.--._- _._- 
680 ’ NTCOlSB0991012-D f b/!/4 1 400 -2100 I 680 I NA I 
130 J NTCOlSB0991012-D 1 214 1 420-2100 1 
100 J NTCOlSBtM 
430 J NTCOlSB0900e12-u , z/q , 4”“- 890 I 430 
340 J NTCOlSB0900812-D 1 114 1 mn- mn I ?An I MA 

7 
DI-N-BUTYL PHTHALATE 56J l 
FLUORANTHENE 45 J I 
FLUORENE 11.1 I !?m .I I hl 

, 
ASL 

0408 1 3/4 1 890-2100 1 BSL ^1^ - _I. .__ --. 
NA 4900000 N 63000000 I I hln I 

3/i 
.__ -II - .- I * ., I 610000 N 

1 
7800000 NA 2300000 No BSL 

1400 J NTCOlSB0991012-D 1 I 
I 1 1 

890 - 2100 1400 NA 230000 N 3100000 I N* NA I hh I R41 

TC01SB1020408 1 314 1 400- 890 320 I NA 270000 N 3100000 .“rY I “I I I.” YYL 
400 I NTCOlSB0991012-D 1 3/4 I 890-21130 , 4m I 

I I 
NA I Km r I CM-In I NA I NA I Nn I !-?a 

400 J 1 

1 R3-RA.0 .“- “. ” 
84-66-2 IDIETHYL PHTHALATF 
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18 J F 

I I”_ I I”‘> , I”” r ““L 

.,” I .I- 

12 J 
- 

.-_ . . “-., - I”” I .I L . . . . ..” ..zUL 
52 J 250 J NTCOlSB0900812-D 4t4 1 t __ 250 NA 5600 N 1600000 17000 N 1800 No BSL 
58 J 1700 NTCOl SBlO20408 414 I __ 1700 NA 230000 N(“) 2300000 NA NA No BSL 
22 J 93 J NTCOlSB0900812-D 214 ’ --- ~~~ 400 - 890 93 NA 1800000 N 47000000 NA NA NO BSL 

I Al I . . - 17l-m . V”” kn-Pn*ca,n~nnn* 9,” , I”I”“IUUI”L”-r”” , i),Y 890-890 1 1300 I NA I 230000 N t 2300000 I NA t NA t ii I BSL I 
I 

I 7.5 J 1 3500 J t NTCOlSB1020408 t 15116 1 400-400 t 3500 I NA I 5m-m ---- N@’ I 1 mnnnn I 
I 

NA 

. _I . 

I 
I 

NA 

. ., . 

1 Nn 

. .- 

1 RSt --- 
14 J 260 J NTCOlSB0991012-D f 3115 1 38-13000 1 260 NA 370000 N 4700000 NA NA 1 1 No 1 BSL 
2.5 J 3100 J NTCOlSB099T012-D 

! ! 

10116 38 - 13000 3100 NA I 370000 NC”) 1 4700000 
NTC01SB1020408 

I 
I 

NA I NA 1 No 1 BSL 
I NA I I 

TCOlSB1020408 9/15 7.8 - 40 
14!!6 f 7.8 - 18 o?nn U”“” 

NTCOlSB1020408 I 1 I 
I 

14/16 18-40 14000 NA 
191-24-2 IBENZO(G,H,I)PERYLENE 0.96 J -- 
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1 NTCOtSB1020408 1 16/16 [ 
1.8 J 4600 1 NTC01SB10204”Q 1 *‘I”~ ’ 
12 J 4300 J 1 NTCOlSB10204 

l h I 4,,Pv.n I LIT,-.,.~nr.A?.~^I 
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--- -- - ~*---..V\ I,L,” VU,’ I I IL,“L 
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1-7 -‘-I 
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I”” (L, I” 

108 6115 38 - 400 4300 
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_- 4mm 
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7J 1 
4.1 I I 
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CAS Number Chemical 
Minimum Maximum Sample with Maximum Frequency 

Concentration’r’ Concentratio# 

I I 

Concentration 

I 

of 

Detection 

x 
Screeningr3t 1 Concentration(“) 

Screening Level 

Based on USEPA 
Region 9 PRGs - 

Residential Soil(‘) 

Range of 

NondectsoJ 

TACO - Soil 

Remediation 
Objectfve for 

Residential 

Properties@)- 

Ingestion 

SCreening Level Based TACO - Soil 

on USEPA Generic Remediation Rationale for 

SSLs for Migration Objective for COPC Contaminant 

from Soil to Air - Residential Flag Deletion or 

Residentiatr7’ 
Properties - Selectionr*’ 
Inhaiationro 

4/4 __ NA 
414 

2400 C 3000 NA __ NA 
-NA 

1700 c 
No 

2000 
BSL 

4t4 
NA -_ 27 

NA No BSL 
l-COlSB0991012-D II4 2.2 - to 1.5 NA 

___ No BSL 

l/4 2.2 - 10 1.7 
3400 

NA 
C 3000 

90 c 
No 

too 
BSL. 

214 2.2 - 10 I 
750 C 

2.8 NA 1Rl-l” rw 800 No , onn BSL 
72000 C 22000 No BSL .*. 

33 J J 1 NTCOlSB0900812 NA 
.*. NA f No 1 BSL I 

I 8 “.,“-“L-d nn”bL”rl- I LO” 100 J 
319-86-8 

100 
DELTA-BHC 1.2 J 

60-57- 1 
1.2 

DIELDRIN 0.55 J 
959-98-8 

1.2 
ENDOSULFAN I 3.1 J 

332 13-65-9 
3.1 

ENDOSULFAN It 3.7 J 
1031-07-8 

6.1 
ENDOSULFAN SULFATE 2J 

72-20-a 
2 

ENDRIN 1.6 J Cr)“n” -T,, r 9.6 _..^^.. . ._---. .- 

NH NA No BSL 
NA NA No BSL 
NA WA No BSL 

1100 C 1000 No BSL 
NA NA No BSL 
NA NA No BSL 
NA NA No BSL 

NTCOlSB0991012 
NTC01SB0991012 
NTC01SB0991012 
NTCOlSB0991012 
NTCOlSB099t012 

NTCOlSB0991012-D 
NTCOlSB0991012-D 

ftNlJHlN Kt I UNt I n 7.1 .I I I NA I NA I hln I ret-., 1 
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l/4 

IO”” 
2.2 - IO 2.4 NA 114 110 c 2.2 - 4.6 100 

4.4 NA l/4 53 c 4.2 - 8.9 70 
2.5 NA 31000 N 390000 

NOL I 4.2 J 1 4.2 J 1 
NTCOlSB0900812-D 

I 114 1 12-27 I 4.2 I NA I 3000 c 1 3000 I NA 

I I ___ I .r\ 
6.9 NA ,L=mn PW) I I NH 

, 0,T.T 
( 

I NO BSL 

72000 c 22000 No BSL 
4100 c 1 

1 
100 No 

4700 c 1 
1 BSL 

5000 BSL 
NA I 

1 No 
NA 1 No BSL 

I . , 

-..- \-...-.~ ..-, 

5103-74-z GAMMA-CHLORDANE 
76-44-8 HEPTAGHLOR 
1024-57-3 HEPTACHLOR EPOXIDE 
72-43-5 METHOXYCHLOR 
Herbicides (uglkg) 

187-86-5 IPENTACHLOROPHE 
DioxinslFurans Inalka\ 

I_L rl ,.I J NILulsi5uYYlol2-Ll 
2J 6.9 J NTCOlSB0991012 

2.4 J -2.4 J NTCOlSB0991012-D 
2J 4.4 J NTCOlSB0991012 

2.4 J 2.5 J NTC01SB0991012-D 

-/ 2.2 - 10 

NTCOfSB0900812-D 

NTC01SB0900812-D 

I tun I NH NA 
NA 

I 
NA NA 

I NA NA 

I 
NA 

1 No 1 

AIA tit.+ I NA L.. 1 No 1 NA I TOTAL PECDD 15 J 16nnn.1 I 
61 one - ___ 

214 1 
f I .r7 

0.84 - 25 f 
I IYH 

16OOn 
I NH 

30402-15-4 hII3 1 I NA ! NA I hln I Lb* I 
TOTAl PFc?:nF “-7, , hfd .,A 

- ., .-. C-V, I 41 J 
41903-57-5 1 TOTAL TCDD 
55722-27-5 1 

42 J 
TOTAL TCDF I 23 l”“““” ” , I” I b” ,3P”Y”“O ,,+U 

I ‘-‘-” .--“““““*L-” 
. . 

110000 J 1 
, S”” IYr.5 

NTCOlSB0900812-D 1 214 1 
. .I * 

4.4 - 7.3 I 
I I IYfi 

1lOOon I 
I NH 

I I NA 
NA hlh I NA 1 No 1 NA 

8000 J 1 
.I” 

NTCOlSB0900812-D NA NA I r . . 1 No 1 NA I 
. ., , 214 1 0.62 - 9 1 I I Iw-3 

8000 I 
I NH 

NA 
314 1 11-11 I 

NA 
100000 I 

NA NA 
NA NA I 

I I NA 
NA NA 

1 No 1 NA 
hlb I LI- I . . . 



TABLE 6-l 

OCCURRENCE, DISTRIBUTION AND SELEFTION OF CHEMICALS OF POTENTIAL CONCERN -SUBSURFACE SOIL - DIRECT CONTACT AND INHALATION 

I . x., SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLiNOlS 

PAGE 3 OF 3 

Medium: Surface Soit 
Exposure Medium: Subsurface Soil 
Exposure Point: Entire Site 

,’ \ 

I 

-*-,. --.* I TAP.,-. n_:* I I 

P.-wu-~~*~a~ion Screening Level 

.cxr . Background I Based on USEPA / Objective for Maximum 
CAS Number 

I 

Chemlca! I Minimum I I Sample with Maximum 

I 
Concentration(‘) Concentration(‘) 

I I 
Concentration 

7439-97-6 (MERCURY 0.056 0.75 J NTCOlSi30941416 0.014 - 0.014 

7440-02-o INICKEL 11.6 J 52.7 J NTCOlSB0981516 

7AAfLfl%7 . . .- -- , IPnTASSlUM 420 1880 NTCOlSB0921516 ._ .Y , 

7782-49-2 -ENIUM 0.83 5.7 NTCOI SBO891112 

7440-22-4 NTCOfSBO991012 

7440-23-5 NTCOfSB0981516 
NTCOlSB0950810 
NTCOI SBO950810 
NTC01SB1001012 

ASL- t 

,77y 7, I ,YL, I I LL.“,“, , I”I”“I”Y”.JU”V,” 
7440-43-g CADMIUM 2.3 1 NTCOtSB1001012 1 a40 N NO 

7440-70-2 NTCOISB1031919 

. .--- --- 
I NA Nn 1 NllT I 

709000 N 

NTCOlSB0900812 
NTCOlSB08911l2 

NTCOlSB0981516 

NTCOlSB0991012-D 

7439-89-6 NTCOlSB0981516 

7439-92-t NTCOl SBO900812 K-l NIJT I 

Miscellaneous Parameters (mg/kg) 

}JCYANIDE 57-12-5 . 2.9 2.9 NTCOlSB0941416 l/16 0.58 - 1.3 2.9 t 

Shading indicates that the maximum concentration exceeds the specified criterion and that the chemical is selected as a COPC. 

120N 1 NA I NA I- NA- 1 No 1 BSL I 

Footnotes 
1 Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used for screening purposes. 
4 If the maximum concentration of a chemical is less than the Illinois EPA background concentration, that chemical is not selected as a COPC. 
5 The risk-based COPC screening level for residential soil is presented. The value is based on a target hazard quotient of 0.1 for noncarcinogens 

(denoted with a “N” flag) or an incremental cancer risk of IE-6 for carcinogens (denoted with a “c” flag) (USEPA Region 9, October 2004). 
6 Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties (Illinois EPA, online, July, 2007). 

7 USEPA Soil Screening Levels. Calculated online at http://risk.lsd.ornl.gov/calc-start.htm (Soil to air SSLs for noncarcinogens are divided by 10). 
8 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and the Itlinois EPA background level. 
9 Naphthaiene is used a ihe surroage for 2-methylnaphthalene. 

10 Acenaphthene is used a the surroage for acenaphfhylene. 
11 Pyrene is used as the surrogate for benzo(g,h,i)perylene and phenanthrene. 

12 Value is for chlordane. 

13 Value is derived by multiplying carteria for 2,3,7,8-TCDD by WHO Toxicity Equivalent Factors (See Section 6.3.5 of text). 
14 Value is for hexavafent chromium. 

15 Screening level for cobalt is based on 0.1 of the noncarcinogenic PRG because this value is less than the carcinogenic PRG (USEPA, Region 9, October 2004). 

\_ ,/ 

Associated Samples 
NTCOl SB08807( NTCOlSB0930810 NTCOlSB099t012 NTC01SB1031919 NTCOlSB2072838 

NTC01SB08911- NTCOlSB0941416 NTCOISB0991012-D NTCOlSB2050414 NTCOlSB2090717 

NTCOI SB09008’ NTCOlSB0950810 NTC01SB1001012 NTCOl SB2072838 N-K01 SB2050414 

NTCOISBO9008. NTC01SB0961012 NTCO1SB1010406 NTCOlSB2090717 NTCOl SB2072838 

NTCOlSB09108“ NTCOI SB0970304 NTC01SB1020408 NTCOlSB2050414 NTCOlSB2090717 

NTCOISBOSPIS’ NTCOlSBO981516 

Definitions: 
C = Carcinogen 
COPC = Chemical of potential concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not applicable/not available 
PRG = Preliminary Remediation Goal 
TACO = Illinois EPA Tiered Approach t.o Corrective Action Objectives. 

Rationale Codes: 
For selection as a COPC: 

ASL = Above Screening Level 

For Elimination as a COPC: 
BKG = Within background levels 
ESL = Below COPC screening level 
NTX = No toxicity Information 
NUT = essential nutrient 
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TABLE 6-2 
occu~mmcE, DISTRIBUTION AND SELECTION 0~ CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE sort - rmca4TloN FROM solL To GRouNDwATER 

SITE 1 - GOLF COURSE LANDFtLL 

, 
IScenario Timeframe: Current/Future 

IMedium: Surface Soil 
IExposure Medium: Subsurface Soil 

I 

[Exposure Point: Entire Site 
I 

CAS Number I Chemical 
Minimum 

I 

Concentrationiri 

, I 

Volatile Organic Compounds (ug/kg) 

78-93-3 2BUTANONE 67-64-l ACETONE 

75-09-2 

1 I screening Level Based on TACO - Soil 

Maximum Sampie with Maximum 
Frequency Concentration Component of the Rationale for 

Concentration(‘) Concentration 
Of t 

I I 

Range of I 
Nondects(*r 

I 

Used for 
Detection Screeningor 

Ingestion Route 
Objective - 

Residential@) I t I I I 

t 3.2 J 1 12 NTCOI : 
1 

1 
6.4J 59 J 1 NTCOl: 

NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 1 OF 3 

I 
, L”“” __ 49000 I NA- I 

I , , 3i5-4100 
t NTfXXSFtln?~dn8 I ,W,C I __ 26000 NA NA I NA No BSL _- 31000 NA 230000 N 4200000 No RSt I 



TABLE 6-2 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL - MIGRATION FROM SOIL TO GROUNDWATER 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 2 OF 3 

Scenario Timeframe: Current/Future 
Medium: Surface Soil 

Exposure Medium: Subsurface Soil 
Exposure Point: Entire Site 

t Screenina Level Based on 
TACO - Soil 

_ I 

CAS Number Chemical 

Rationale for 
Minimum Maximum 

Component of the 
Sample with Maximum 

Frequency Concentration USEPA Generic SSLs for 
of 

Range of 
Used for 

Background 
Migration from Soil to 

Groundwater 
Concentration(‘) Concentration(‘) 

COPC Contaminant 
Concentration 

Detection Nondects’*’ 
Screening@’ 

Concentration’+ 
Groundwater (DAF t) - 

Ingestion Route Flag Deletion or 

Residential@) 
Objective - Selection(” ,-. 

L I 
Organochlorine PesticideslPCBs (uglkg) 

177&-R In ,I-nnn 

I I I I I I I I 1 ResidentiaY’ 1 I 

I AD I n-r ’ 
1 J 1 NTC01SB0991012-D [ 414 1 -_ I 280 NA 1J t 71oc NTCOlSB0991012-D 1 4/4 1 I I 1 16000 1 No BSL 

-_ 
t I 

87 
I 

NA . . I 77m-l r- I LLYY v K,fArxll cl-r”“” I hl,. 
A,. I 

, I”” BSL 
1300 c 32000 BSL 

i J 1 NTCOlSB0991012-D 1 114 
1 

1 2.2 - 10 I 1.5 I NA 
‘J NTCOlSB0991012 1 l/4 1 

I 

1 No 
25 C BSL 

2.2 - 10 1.7 NA ,I. ASL 
! BSL 

1: NA 
1 

NA BSL 
-- - -. 

11096-82-5 1 
I J 1 NTCOlSB0900812 1 l/4 1 40-89 33 

AROCLOR-1260 ! IOOJ 1 1Y ’ 
! nn~r-r\.r.“nnnandn I A,. I ,^ ^^ , I I 

I 
NA NA 

. I NA 1 No 
I 
I BSL _^^ . 

,“a-, I-Y 

2672-29-6 1 
L.L J , L.OJ , ,VIL”I3P”Y”“U,L , 214 , z.z - 1u z.cI NA 

AROCLOR-1,248 
I I 

IAROCLOR-1254 
130J 1 130 J t NTCOlSB0991012 1 114 1 40-89 f30 

1097-69-I I 
NA 

%?.I I ?C + ~~ ~~ 
I 

1319-86-8 JDELTA-BHC [ 1.2 J 1.LJ , I IU I 1.2 I I I I DPI 
Q.55 J I.2 

59-98-8 IENDOSULFAN I 3.1 J 3.1 J 1 NICOlSl30991012 II4 2.2 - IO 3.1 I NA I 980 N t 18000 i No t RSI 

DJL 
NTCOlSB0991012 ASL 

33213-65-9 (ENDOSULFAN II I 3.7 J I 6.1 J [ NTCOlSB0991012 IENDOSULFAN -1 l/4 2.2 - 4.6 6.1 1031-07-8 NA 980 N SULFATE 1 1 I 18000 No 2J 1 
2J 

1 
NTC01SB0991012-D 1 

I BSL 
1/4 7- -- 1 2.2 

1 1 
- 10 2 NA 980 N NA No c I I LrrPrv~eOnnnrn+~ n , I 1 n,* 1 BSL nn _I,7 f a* I I 1 . . 2-20-8 ItNDRlN ! 1.6J I 9.v.J , IYI~“,\>D”JJ,“,L-LJ , LlLt , L.L- I” I Y.0 I NA I -,_.-- - !m Iw:, I 1 nnn I hlr\ 1 PC, 

53484-/U-5 I 0.73 J I 22.1 I NTC0lSRfKKIln17 I ..--. -- ---.-, - 
58-89-9 1.2J 1 7.7 J 1 NTCOlSB099t012-D 
5103-74-2 

1 
2J 1 6.9 . ’ .._^^.^^ ^^_.^. - 

76-44-R .---. -. ^- 
[Htt’l AC;HLUH I 2.4 J 1 2.4 
JHEPTACHLOR EPOXIDE 2J 4.4 ImTl-unvvrul no 1 

1 n.4, I ,.r 

1- . ..I_ I “VU I”” “.JL 214 1 , 2.2- 10 1 , 
2.2 NA 

l/4 1 

I 

2.2-4.6 1 7.7 NA 

BSL IJ IuIc;u1sl3uYYlUl2 314 2.2 - 10 6.9 NA 480 MCL 10000 No 
-J NTC01SB0991012-D II4 2.2 - 10 2.4’ NA 1100 MCL 23000 No 

J 
BSL 

NTC01SB0991012 114 2.2 - 4.6 4.4 NA 33 MCL 700 No 
I ~.a J NTCOlSB0991012-D 

BSL 
f/4 4.2 - 8.9 2.5 NA 7800 MCL ‘160000 No BSL 

- 

I L--r”-< ,w,+ I, ,“A 

Herbicides (ua/ko\ 
I “I lL”l 1 

I L 

,30 m ASL 

-- -- ._ ..,. . . . , . . . . , -- ,. .,.. .- . ..~. ..~ -^^- _ 
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TABLE 6-2 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SUBSURFACE SOIL - MIGRATION FROM SOIL TO GROUNDWATER 
,, -. StTE t - GOLF COURSE LANDFILL 

\ 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 3 OF 3 

Scenario Timeframe: Current/Future 

Medium: Surface Soil 
/Exposure Medium: Subsurface Soil 
/Exposure Point: Entire Site I 

i 
I 

Screening Level Based on 
TACO - Soil 

Rationale for 
Concentration USEPA Generic SSLs for 

Component of the 

Used for 
Background Groundwater COPC Contaminant 

Screening(3) 
Concentratior?) 

Migration from Soil to 

Groundwater (DAF 1) - 

Residential”’ 
I 

Ingestion Route Flag 
Objective - 

Residential@’ I I 

Deletion or 

Selectionm 

Frequency 
CAS Number 

I 

Chemica! 
Minimum Maximum Sample with Maximum 

Concentration(‘) Concentration(‘t Concentration 
I 

Of 

Detection 

I I t I I 

Range of 

Nondects@’ 

10300 
21.4 
19.6 ASL 

ASL 386 
ASL 
ASL 
NUT 
ASL 

ASL 

5.7 
2.3 

66300 
55.9 

13 

1530 
IO2000 

1410 
36600 
1000 
0.75 
52.7 
1880 
5.7 

709 
1240 
1.5 
122 

2170 

NUT 
ASL 
ASL 
ASI .-- 
NlJT 

ASL 

2.9 t 2.9 1 NTCOiSB0941416 1 1116 1 0.58- 1.3 
Shading indicates that the maximum concentration exceeds the specified criterion and that the chemical is selected as a COPC. 

Footnotes 
1 Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 

Definitions: 
C = Carcinogen 
COPC = Chemical of potential concern 

2 V$ues presented are sample-specific quantitation limits. J = Estimated value 

3 The maximum detected concentration is used for screening purposes. N = Noncarcinogen 

4 If the maximum concentration of a chemical is less than the Illinois EPA background concentration, that chemical is not selected as a COPC. NA = Not applicable/not available r 
PRG = Preliminary Remediation Goal 
TACO = Illinois EPA Tiered Approach to Correcth 

Rationale Codes: 
For selection as a COPC: 

ASL = Above Screening Level 

5 USEPA Generic Soil Screening Levels for Migration to Groundwater (dilution/attenuation factor of 1) calculated online at http:Nrisk.lsd.ornl.gov/caic~start.shtml using methodology from 
the USEPA’s Soil Screening Guidance (USEPA, July 1996). 

6 Tier 1 Soil Remediation Objectives for Residential Properties for the Soil Component of the Groundwater Ingestion Exposure Route (dilution/attenuation factor of 20) (Illinois EPA, July 2007). 
7 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and the Illinois EPA background level. 
8 Value is derived by multiplying carteria for 2,3,7.8-TCDD by WHO Toxicity Equivalent Factors (See Section 6.3.5 of text). 

Associated Samples 
NTCOI SBO8807( NTCOlSBO930810 NTCOlSB0991012 NTCOlSB1031919 NTCOlSB2072838 
NTCOlSB08911. NTCOlSBO941416 NTCOlSB099f012-D NTCOlSB2050414 NTCOI SB2090717 
NTCOI SB09008’ NTC01SB0950810 NTC01SB1001012 NTCOlSB2072838 NTCOlSB2050414 
NTCOI sBa9oa8’ NTCOl SB096t012 NTC01SB1010406 NTCOlSB2090717 NTCOf SB2072838 
NTCOlSBO9108 NTCOI SB0970304 NTCOl SBI 020408 NTCOlSB2050414 NTCOlSB2090717 
NTCOlSBO9215 NTCOlSB0981516 

For Elimination as a COPC: 
BKG = Within background levels 
BSL = Below COPC screening level 
NIX = No toxicity Information 
NUT = essential nutrient 

-_-- . ..- - _~-.- ..L. 



TABLE 6-3 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

IScenario Timeframe: Future t 
Page 1 of 2 

~ 
Contammant Obtecttve for Class 1 

/“,5.” 
I I I 

i Medium: Groundwater 
IExposure Medium: Groundwater I 
IExposure Point: Entire Site 

Rationale for 
I I I I I 

Concentration Detection 
Frequency 

(1) 

CAS 
Number 

Chemical 

Minimum 
Minimum 

Maximum 
Concentration 

Qualifier 
Concentration Maximum 

(1) (1) Qualifier 

Range of 

Nondetects 

Sample with Maximum 
Concentration 

06-46-7 t,4-DICHLOROBENZENE 
NTCOI GWTWOl Of, 

NTCOlGWTWOlOl-D l/14 1 0.27 NA 0.5 c 75 75 No BSL 

LETONE ,I 2.7 J NTCOl GWTW0401 2/l 4 5 5 NA 550 N NA 700 No BSL 

5 5 ASL 
1-15-O ICARBON DfSULFlDE I 0.33 6 

ICHLOROBENZENE 
I J I 0.42 I J 1 NTCO1GWTWOIOl 1 I 

-Ic I 
0.42 NA 100 N NA 700 No BSL 

18-90-7 0.71 I .I I n76 -.. - ‘I I .I i NTCniGWTWnlnl-n . ..--.-.. . .._.“. L 1 l/lA .I I I 1 I 1 n7ct V., v I NA 11 N too 100 No BSL 

10-82-7 [CYCLOHEXANE 1 2.1 ! ! 2.1 1 1 NTCOlGWTWOlOl 1 l/14 1 1 2.1 NA 1000 N -NA NA No BSL 
8 -- - I----- -~ 0 1 0.19 NA 66 N NA NA No BSL 

1 1.7 NA 520 N NA NA No BSL 

1 I 0.2 NA 72 N 1000 1000 BSL 
IR I MA I 91 N 1 10000 I 10000 BSL t 

,-82-g ISOPROPYLBENZENE 
18-87-Z METHYL CYCLOHEXANE 

08-88-3 TOLUENE 
330-20-7 ITOTAL XYLENES 

rmivolatile Organics ug/L 
o-52-7 IBENZALDEHYDE 

I 0.19 J 0.19 NTCOI GWTWOl 01 l/14 1 

1.7 \I .7 NTCOlGWTWOlOi l/14 1 
I 0.2 J 0.2 NTCOI GWTWOf 01 l/14 [ 

0.65 J 1.6 J NTCOI GWTWOI 01 2/14 I 3 I 

I 1 I .I I I I I I In-l? I 1 I hlA I NA I NA I No 

I I I UIt2VV IvvuIul-u 

.I 
r 

n73 -.-- I 
.I 1 NTC , . . .301GWTWO101-D 

D 8-96-8 IACENAPHTHYLENE 5 2 ! 5.9 ! 1 NTCOlGWTWO101-D l/13 0.95 - 1 5.9 NA NA 
o-12-7 IANTHRACENE 

37 ,,@) NA No BSL 
mm-n l/13 0.19 - s 0.2 0.039 

-74-8 ICARBAZOLE 
NA 180 N NA 2100 No BSL 

111.1 n!x-1 n 17 NA ?A C NA NA No BSL 
0.035 J 0.039 J NTCOI GWTW 

0.15 J 0.17 J NTCOlGWTW- _ - .- ____ 
36-44-O FLUORANTHENE 0.039 J 0.039 NTCOlGW0401 l/13 0.19 - 

S-73-7 FLUORENE 0.025 J 0.23 J 
NTCO1GWTWOl01, 

NTCOlGWTWOlOl-D 
5/l 3 ( 

6.8 J NTCO1GWTWOl01-D l/13 
j-01-8 PHENANTHRENE 0.056 J 0.35 NTCOlGWTW0101 13/13 

I 
?9-00-o IPYRENE 

I 
0.025 

t J I o.043 I J 

“.” 
-. . . 

0.039 I 
. . . . 

I 
V. . 

NA i 150 N 1 NA I 280 1 No 
I I 

).19-0.2 1 0.23 I NA I 24 .NI NA I 

--pK-1 
1 No. 1 BSL 1 

I 

0.95 - 1 6.8 NA WNI I . NA ASL 

__ 0.35 NA I 18 N(“) 1 NA NA BSL 

j.19 - 0.2 I 0.043 NA 18 N NA 210 ” No BSL 

68.3 I I 8650 I I NTCOlGW0301 I 8113 t 27.9 - 90.2 1 
2.4 NTCnlGwn.?ni I 17-11 I 

NA I NA . . . ASL 
. ..--.-..---. 50 ASL 

N 2000 2000 ASL 
1 I I 

, NA 
.. 

I , NA ., NUT 
_- ._..___. N(12) [ 100 100 ASL 

I I I I 

I 634000 I I NTCOlGW0601 13113 1 __ I 634000 I NA 
14.1 NTCnl c;wmni I IA 1 hlA 

I NTCnlGwnAn1 I ?/?3 i . 0.53 - 0 92 12.1 i 73 N 1000 1 NO i 6% i 
I I . ..--.-..1--. 

140-50-8 COPP-- 
. I 

NTCOlGW0301 12.4 NA 150 N 1300 BSL 
.” m 17600 NA 0 NA ASL 

1.6 I 

-N 
8.4 NA NA 15 ASL 

-- fuannn hlA hlA NA NI IT 

t 
F -*-. . . . 

1.2 8.4 t NTCOl~WTWOIO1 5/l 3 

25300 349000 NTCOiGW0601 13/13 
9.4 5070 NTCOlGWnISnl 13I1.1 

I4U-W-U INILKtL I 1.9 
140-09-7 IPOTASSIUM 1500 

140-23-5 [SODIUM 
140-62-2 B 



Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater I 

TABLE 6-3 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

Page 2 of 2 

Exposure Point: Entire Site 

CAS 
Minimum Maximum Detection Concentration Risk-Based 

Federal TACO - Groundwater 

Number 
Chemical Concentration 

Minimum 
Concentration Maximum Sample with Maximum 

Qualifier Qualifier Concentration 
Frequency 

Range of 
Used for 

Background Maximum Remediation ~COPC 

(1) (1) Nondetects 
COPC Screening 

(1) Screeningf3) 
Value”) 

Level”) 
Contaminant Objective for Class 1 Flag 
Level (MCL)@) Groundwaterf7) 

Metals. Filtered~(ualL1 

I 
Rationale for 
Contaminant 

Deletion or 

Selection@) 
I 

7440-39-3 BARIUM - I FILTERED 76.3 178 NTCOlGW0601 2/2 _- 7440-70-2 CALCIUM - FtLTERED 178 NA 260 N 
I 

2000 2000 
16000 

No BSL 
645000 NTCOI GW0601 212 _- 

7440-48-4 COBALT - FILTERED 645000 NA NA NA NA 
5 

No NUT 
8.5 NTCOI GW0601 212 __ 8.5 NA 73 N NA 1000 No BSL 

NTCOlGW0601 
NTCOI GW0601 

7440-02-o NICKEL - FILTERED 12.2 23.4 NTCOlGW0601 
7440-09-7 POTASSIUM - FILTERED 3650 io900 NTCOlGW0601 212 -_ 7440-22-4 SILVER - FILTERED 10900 NA NA NA 

0.59 
NA No NUT 

0.73 NTCOlGW0601 212 -- 0.73 NA 18 N NA 50 No BSL 
NA NA No NUT 

NTCOlGW0601 NA m 49 ASL 

Footnotes: 

1 Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used for screening purposes. 

4 No background or upgradient well data are available. 

5 The risk-based COPC screening level for tap water use is presented. The value is based on a 

target hazard quotient of 0.1 for noncarcinogens (denoted with a “N” flag) or an incremental cancer 

risk of 1 E-6 for carcinogens (denoted with a “C” flag) (USEPA Region 9, October 2004). 

6 Federal Maximum Contaminant Level (USEPA, Summaer 2006). 

7 Illinois EPA Remediation Objectives for Class 1 Grounwater (Illinois EPA, online, July, 2007). 

8 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level 

9 Naphthalene is used a the surroage for 2-methyfnaphthalene. 

10 Acenaphthene is used as the surrogate for acenaphthylene. 

11 Pyrene is used as the surrogate for phenanthrene. 

12 Value is for hexavalent chromium. 

Associated Samples: 

Definitions: 

C = Carcinogen 

COPC = Chemical of potential concern 

J = Estimated value 

N = Noncarcinogen 

NA = Not applicable. 

TACO = Illinois EPA Tiered Approach to Corrective Action Objectives. 

Rationale Codes: 

For Selection as a COPC: 

ASL = Above COPC screening level 

For Elimination as a COPC: 

BKG = Within background levels 

BSL = Below COPC screening level 

NUT-= Essential nutrient 

NTCOI GWOI 01 NTCOlGW040t NTCOI GW0801 NTCOl GWTWOI 01 -D 
NTCOlGWOlOt-D NT01 GW656-f NTCO! Gwoao! I\rrPrl, l-xA,-nlt,n~,n+ 

NTCOl GW0201 NT&l GWO601 

I.l”“IL4.I I “““L”‘ 

NTCOlGW-tOol NTCOlGWTW0301 
NTCOlGW0301 NTCOI GW0701 NTCOlGWTWofoi NTCOlGWTW0401 

.,- 

.-..- -_ - .------ 



TABLE 6-4 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - GROUNDWATER - VAPOR INTRUSION 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

Page 1 of 1 
Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Entire Site 

I 

I I CAS 
. . . 

I 

Number 
Chemical 

I 

Minimum Marimlmn n. m .-~ 
Concentration Minimum 

Concr 

Rationale for 
Background 

tusk-aased 

Valuer4) 
cope Screening ‘COPC Contaminant 

Levelr5’ 
Flag Deletion or 

Selection@) 

I 
Voiatile Organics fugilj 

Footnotes: 

I Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 

2 Values presented are sample-specific quantitation limits. 

3 The maximum detected concentration is used for screening purposes. 

4 No background or upgradient well data are available. 

5 Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (USEPA, November 2002). 
., . _ - 

Definitions: 

j C = Carcinogen 

COPC = Chemical of potential concern 

J = Estimated value 

N = Noncarcinogen 

NA = Not applicable. 

values are trom Table 2c and correspond to a target cancer risk level of 1 E-6 or t-fazard index =I, and an attenuation factor of 0.001. Rationale Codes: 
6 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level. 

For Selection as a COPC: r 

Associated Samples: 

NTCOl GWOl 01 

NTCOlGWOl01-D 

NTCOlGW0201 

NTCOlGWTWO101-D 
NTCOI GW0301 NTCOlGW0601 NTCOlGWO901 NTCOI GWTW0201 
NTCOlGW0401 NTCOI GW070f NTCOlGW1001 NTCOlGWTW0301 
NTCOlGW0501 NTCOI GW0801 NTC01GWTW0101 NTCOI GWTW0401 

ASL = Above COPC screening level 

For Elimination as a COPC: 

BSL = Below COPC screening level 



TABLE 6-5 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SEDIMENT 

SITE T - GOLF COURSE LANDFILL 
‘NAVAL STATtON GREAT LAKES, ILLlNOlS 

PAGE! OF 3 

Scenario Timeframe: Current/Future 

~/ 

1 

Rationale for 
Contaminani 

Deletion or 

t 
Selection(7’ 

Screening Level Remediation 
ConceniC3tiO!3 I 

CO?C 
Used for 

Background Based on USEPA Objective for 

Screeningc3’ 
Concentration(4) Region 9 PRGs - Residential Flag 

Residential Soil(‘) Propertie&@ - 

Sample with Maximum 
F:equency Range of 

Concentration 
of 

Detection Nondects”’ 

Maximum 

Concentration(‘) 
CAS Number Chemical 

Minimum 

Concentration(‘) 

t I Ingestion t 
SemivoIatrle urganics (ug/Kg) 
91-57-6 2-METHYLNAPHTHALENE 
83-32-9 ACENAPHTHENE 
708-96-8 ACENAPHTHYLENE 

,- ----- .- I 

13n-i 7-7 

220 J 220 J NTCOlSDOiOl l/4 2500 - 4400 
130 J 1000 J NTCOISDOIOl 314 2500 - 2500 

79 J 87 J hrrrnl wndnn 7/A 75M - 44~~ 

IANTHRACENE 

I. I VY *v-v .Y” -. ---- ..- 

I 150 J 1800 J NTCOl SD0200 I 414 I __ 

690 J 4500 J NTCOlSDOiO 

810 J 4900 NTCOlSDOiOl, 
NTCOl SD0200 

414 -- 

L 

1 t 4;4 t __ 
I 

110 J 6400 NTCOI SDOlOi, 414 __ 
NTfXM S,n0700 

I 2800 J NTCOlSD0200 

“\ 218-01-9 ~CHRYSENE I 960 J 5500 1 NTCOISD 0101 414 -- 

53-70-3 414 __ ; 
/ 132-64-9 314 2500 - 4400 

ASL 
BSL 

No 1 BSL t 1600000 240000 N 

IRF;-nl-~ IPHFNANTHRFNF I 7fm.i I am7 

117-84-o 

I 

IDI-N-OCTYL 

I 

PHTHALATE 

86-73-7 FLUORENE 

I 
1206-44-o 1 

91-20-3 

FLUORANTHENE 

NAPHTHALENE 

-- -. - . .-. . . . . .-. .- I 
129-00-O IPYRENE t 

Polynuclear Aromatic Hydror-ck-nn ‘.*n/lrfil ,“l”“lli) Y IR 

91-57-6 2-METHYLN/ I. . . . . ., .__. 3PHTHAt FNF ._ I 
208-96-8 ACENAPHTHYLENE 
120-12-7 ANTHRACENE 

I ..I. -!A L 

,YI”“IYY”L”” 

120 J 

16OJ 

180 

1000 J 

J NTC01SD0101 

NTCOi SD0101 

2l4 

314 

3700 

2500 - 2500 
NTCOi SD0200 

- 

414 

4400 

__ 

1900 

16OJ 

J 1 

440J 

?OOO 

NTCOiSDOlOl 

NTC01SD0101, 

214 

414 

2500 - 4400 
NTCOI SD0200 

-- 
LITPCI, cnn9nn 

414 _- .-- - ___ 
15OJ 1 9400 NTCOlSDO101 414 __ 

7.1.1 I -- - t.?nn .I I . .-_- - NTf-XlSDOiOl t 8/iC , J 1 1200- 1800 

62m .I I , 420 J t I NTCOI SD0200 1 9110 1 5800 - 5800 
28J 1 1300 1 NTCOl SD0101 t IO/i0 I -- 

1,n I dinn I hlTrnl.snnlni I m/in I -- 

I I 
7700130 N 1 3100000 I Nn I R.9 

I ASL 

230000 :(“) 
230000 N 

I 88000 No t BSL 

I hln I R41 

Organochlorine Pesticides/PCBs (uglkg) 
72-54-8 14,4’-DDD 
72-55-9 (4$-DDE 

b-in-79-3 14 A’-IX-IT 

ASL 
ASL 

86 .NA 2400 C 3000 No BSL 
79 NA 1700 c 2000 No BSL 
7.4 NA 1700 c 2000 No BSL 

BSL 
ASL 

NTCOI SD0200 

. .._ _ . . . . . . . . . __._...~_ 



TABLE 6-5 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SEDIMENT 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 2 OF 3 

/Scenario Timeframe: Current/Future I 
‘Medium: Sediment 
Exposure Medium: Sediment 
Exposure Point: Skokie Ditch 

CAS Number Chemical 

Frequency 
Minimum Maximum Sample with Maximum of Range of 

Concentration 
Background 

Concentratio#) Concentratior+‘) Concentration 
Detection 

Nondects’2’ 
Used for 

Screening@’ 
ConcentratiorJ4) 

60-57-l DIELDRIN 4.4 J 4.4 J NTCOtSD0400 114 13-150 4.4 NA 

33213-65-9 ENDOSULFAN II 3.6 J 4.8 J NTCOI SD0400 114 13 150 - 4.8 NA 

72-20-8 ENDRIN 2.7 J 6.7 J NTCOI SD0400 114 13 150 - 6.7 NA 

7421-93-4 ENDRIN ALDEHYDE 41 J 41 J NTCOI SD01 01 l/4 13 23 - 41 NA 

5103-74-2 GAMMA-CHLORDANE 2.9 J 2.9 J NTCOI SD0200 114 13-150 2.9 NA 
m. * I- , ,. . 

ScreeningLevellr :i::k 
Based on USEPA Objective for 
Region 9 PRGs - Residential 

Residential Soil(‘) Propertie@) - 

Rationale for 
Contaminant 

Deletion or 

Selection(7) 

COPC 
Flag 

! Ingestion 
No 
No 
No 
No 

- BSL 
BSL 
BSL 
BSL 
BSL 

J” L .” 

37000 N 470000 
1800 N 23000 
1800 N 23000 
1600 C(“) 1800 No 

uroxms~turans tng/kg) 
t 3268-87-9 [1.2.3.4.6.7.8.9-OCDD I 1400 I 

I 
7700 J NTCOl SD01 01 I 414 I -- 7700 I NA I 13000 C-P’ NA t No 1 BSL 

39001-02-0 NTCOl SD0101 4f4 __ 330 NA 13000 NA No BSL C(l”) 1 1 

NTCOlSDOlOi 414 -- 580 NA NA - 
67562-39-4 1,2,3,4,6,7,8-HPCDF 3 99 NTCOlSDOlOl 414 -_ 99 ;- NA NA No BSL 

55673-89-7 1,2,3,4,7,8,9-HPCDF 9 NTCOlSDOlOi I/4 2.1 -4.6 9 NA 390 NA No BSL c(“’ 

57653-85-7 1,2,3,6,7,8-HXCDD 5J 23 NTCOlSDOlO? 414 __ 23 NA 39 NA No c(‘2’ BSL 

119408-74-3 1 1,2,3,7,&g-HXCDD 6.8 J I ItJ 1 
NmlCO1 SD0400, 

hlTfY?l cnnnNLn I I -- 414. I 11 I NA I 39 c(Q) I NA 1 No 1 BSL 
I” IV” 1”Y”T”” u 1 

1746-01-6 2,3,7,8-TCDD 0.76 J , 0.76 J NTCOlSDOlOO 114 0.62 - 0.84 0.76 NA 3.9 c(‘“) 1 NA No BSL 

51207-31-g 2,3,7,8-TCDF 1J 5.7 NTCOl SD01 01 414 -- 5.7 NA BSL 

5.303 15.723 NTCOl SD0101 414 -- 15.723 NA ASL 

4.149 12.899 NTCOl SD0101 414 __ 12.899 NA ASL 
37871-00-4 TOTAL HPCDD 250 1100 NTCOlSDOlOt 414 __ 1100 NA NA 

38998-75-3 TOTAL HPCDF 95 510 NTCOl SD0101 414 __ 510 NA NA NA No NA 

34465-46-8. TOTAL HXCDD 41 120 NTCOlSDOi01 414 -- 120 NA NA NA No NA 
55684-94-l TOTAL HXCDF 18 110 NTCOlSDOlOl 414 -- 110 NA NA NA No NA 
30402-l 5-4 TOTAL PECDF 5 29 NTCOlSDOlOl 414 -- 29 NA NA NA No NA 
41903-57-5 TOTAL TCDD 1 4.3 NTCOlSDOl 00 414 -- 4.3 NA NA NA No NA 
55722-27-5 TOTAL TCDF 1 81 NTCOlSDOlOl 414 __ 81 NA NA NA No NA 

. 

’ \ 

\ / 

NA 
7440-36-o ANTIMONY 

I kITf3-11 w-msnn I I I I 
0.45 J 

I I I 
2.1 J 

I 
,.*VYIYYYLYY, 
NTCOlSD0400 I 6/10 f 0.33 - 0.44 2.1 I NA I 3.1 N 

t I I No BSL \ 

lU1 Nlt;UlSUU4iWLJ __ f 101 145 540 N 33UU lXiL,BKti 
- .- ..--_ .--_. - . -̂ . -._- 

..---- 
7440-43-g CADMIUM N I WlSUUlOl 1110 0.05 - 0.12 
7440-70-2 NTCOl SD0500 
7440-47-3 

NTCOlSD0400-D 
^^^ t *L- ^^,^^-.-. 
KS.3 I N I WJl YUUlUl 1 __ 83.3 
._^_ ..-- .̂̂ - _.__ - 

7439-95-4 
7439-96-5 
~7439-97-6 

7440-02-o 
7440-09-7 
7782-49-2 
7440-22-4 

MAGNESIUM 
MANGANESE 
MERCURY 

NICKEL 
POTASSIUM 
SELENIUM 
SILVER 

tOI -- I 67100 f 
257 1200 NTCOI SD0400-D 

0.058 J U.d J 
. .-A^* --^^^^ 
N I cdl ?JuUmu 

^^._ ^ ^._ 
0.015 - U.UlS 

5.6 29.4 1 NTCOlSD0400-D 
1 

1 10110 -- 29.4 

1760 NTCOlSD0400-D 1 IO/10 __ 1760 

-0.39 1 N?COl SD0301 1110 0.076 - 0.5 ~ 0.39 I NA t 39 N 1 390 BSL 

0.63 -----.---.--1 NTCOl SD0401 
2llO 0.3 - 0.7 0.63 NA 

4 I 31 NTCOlSD0400-D -- f 31 I NA 



TABLE 6-5 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -SEDIMENT 

, ‘\ SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 3 OF 3 

Scenario Timeframe: Current/Future 
Medium: Sediment 
Exposure Medium: Sediment 
Exposure Point: Skokie Ditch 

TACO - Soil 
Remediation Rationale for 

CAS Number Chemical 
Minimum Maximum 

Concentratior+‘) Concentration(‘) 

I Frequency Concentration 
Sample with Maximum Range of 

Used for 
Concentration 

I 

of 
Detection * 

Nondect8 
Screeningt3) 

I I Screening Level 
Background Based on USEPA 

Concentration@‘) Region 9 PRGs - 

Residential Soil(‘) 

i 

Miscellaneous Parameters (mglkg) 
ITOTAL ORGANIC CARBON I 2200 1 54400 [ NTCOlSD0501 1 lO/lO 1 __ I 54400 I NA I NA I NA 1 No 1 NTX I 

Shading indicates that the maximum concentration exceeds the specified criterion and that the chemical is selected as a COPC. 

Footnotes 
1 Sample and duplicate are counted as two separate samples when determining the minimum and maximum 

detected concentrations. 
2 Values presented are sample-specific quantitation limits. 
3 The maximum detected concentration is used for screening purposes. 
4 Illinois EPA background concentrations for sediment (See Section 6.1.2.3 of text).. 
5 The risk-based COPC screening level for residential soil is presented. The value is based on a 

target hazard quotient of 0.1 for noncarcinogens (denoted with a “N” flag) or an incremental cancer 
risk of 1E-6 for carcinogens (denoted with a “c” flag) (USEPA Region 9, October 2004). 

6 Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties (Illinois EPA, online, July, 2007). 
7 The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level and the Illinois EPA background level. 
8 Naphthalene is used a the surroage for Z-methylnaphthalene. 
9 Acenaphthene is used a the surroage for acenaphfhylene. 
10 Pyrene is used as the surrogate for benzo(g,h,i)perylene and phenanthrene. 
11 Value is for chlordane. 
12 Value is derived by multiplying carteria for 2,3,7,8-TCDD by WHO Toxicity Equivalent Factors (See Section 6.3.5 of text). 
f3 Value is for hexavalent chromium. 
14 Screening level for cobalt is based on 0.1 of the noncarcinogenic PRG because this value is less than the carcinogenic PRG (USEPA, Region 9, October 2004). 

Associated Samples 
NTCOlSDOlOO 
NTCOlSD0101 

NTCOlSD0400 
NTCOlSD0400-D 

Definitions: 
C = Carcinogen 
COPC = Chemical of potential concern 
J = Estimated value 
N = Noncarcinogen 
NA = Not applicable/not available 
PRG = Preliminary Remediation Goal 
TACO = Illinois EPA Tiered Approach to Correcti! 

Rationale Codes: 
For selection as a COPC: 

ASL = Above Screening Levei 

For Elimination as a COPC: 
BKG = Within background levels 
BSL = Below COPC screening level 
NTX = No toxicity Information 
NUT = essential nutrient 



TABLE 6-6 
OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - SURFACE WATER 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

~1 
Exposure Medium: Surface Water 

Page 1 of 2 

Minimum Maximum Detection 
Range of 

Concentration 
Background 

Risk-Based 
Federal TACQ - Groundwater Rationale for 

CAS Concentration 
Minimum 

Concentration 
Maximum Sample with Maximum 

Frequency 
Nondetects@) s~e~~for~~~ 

COPC Screening 
Maximum Remediation 

Chemical 
CQpC Contaminant 

Number (1) Qualifier (1) Qualifier Concentration 0) Value(4) 
Level(‘) 

Contaminant Objectives for Class Flag Deletion or 

Level (MCL)“’ 1 Groundwater Selection(*) 

Volatile Organ&r @g/L) 

75-34-3 1,1-DICHLOROETHANE 0.21 J 0.39 J NTCOlSW0400 315 l-l 0.39 NA 81 N NA 700 No BSL 

156-59-2 CIS-1,2-DICHLOROETHENE 0.9 1.7 NTCOl SW0400 515 -_ 1.7 NA 6.1 N 70 

NTCOl SW0400 215 l-l 0.34 NA m I I 2 

Polynuclear Aromatic Hydrocarbons (ug/L) 

NTCOl SW01 00 ASL 

205-99-2 BENZO(B)FLUORANTHENE 0.051 J 0.065 J NTCOlSW0300-D 315 0.2 - 0.2 0.065 NA 0.092 c NA 0.18 No BSL 

191-24-2 BENZO(G,H,I)PERYLENE 0.044 J 0.065 J NTCOlSW0300-D 5i5 _- 0.065 NA 18 N(9) NA NA No. BSL 

218-01-g 
, 

CHRYSENE 0.034 J 0.041 J NTCOlSW0300-D 4i5 0.2 - 0.2 0.041 NA 9.2 c NA 1.5 No BSL 

206-44-O FLUORANTHENE 0.1 J 0.17 J NTCOl SW01 00 515 -_ 0.17 NA 150 N NA 280 No BSL 

86-73-7 FLUORENE 0.021 J 0.036 J NTCOlSW0300-D 515 __ 0.036 NA 24 N NA 280 No BSL 

193-39-5 INDENO(l,2,3-CD)PYRENE 0.029 J 0.056 J NTCOlSW0300-D 5f5 __ 0.056 NA 0.092 c NA 0.43 No BSL 

85-01-8 PHENANTHRENE 0.12 J 0.17 J NTCOlSWOlOO, 515 __ 
NTCOl SW0300-D 

0.17 NA t8 Ncg) NA NA No BSL 

Dioxins/Furans (pg/L) 

NTCOlSW0300-D 

0.050141 NTCOlSW0300-D 

0.224234 NTCOlSW0500 , 

NTCOI SW0500 NA 
NTCOtSW0300-D 30’ 

30 I 
Metals (ug/L) 

7440-70-2 CALCIUM 

7440-47-3 CHROMIUM 

7440-50-8 COPPER 
I 

NA 

6 

NTCOlSWO500 2000 2000 No BSL 

83300 91300 NT%01 SW0400 515 -- 91300 NA NA NA NA No NUT 

1.2 1.4 NTCOl SW0500 2l5 0.54 - 1.7 5.4 NA 11 ,,,(“) 100 100 No BSL 

1.5 2.6 NTCOlSWO500 315 1.4 - 1.4 2.6 NA 150 N 1300 650 No BSL 

7439-89-6 IRON 462 677 NTCOl SW01 00 515 __ 677 NA 1100 N NA 5000 No BSL 

7439-92-i LEAD 2 2.1 NTCOI SW01 00, - 
NTCOlSW0200 

315 1.8 1.8 2.1 NA NA 15 7.5 No BSL. 

7439-95-4 MAGNESIUM 30400 33700 NTCOl SW0400 515 -- 33700 NA NA NA NA No NUT 

7439-96-5 MANGANESE I 69 I 86 NTCOI SW0400 5t5 __ 86 NA 88 N . NA 150 No BSL 
1 I I I 

0.015 - 0.022 0.052 NA 1.1 N 2 2 No BSL 7439-97-6 MERCURY 0.052 

7440-92-O NICKEL 1.6 

7440-09-7 POTASSIUM 3440 

7440-23-5 SODIUM 

7440-66-6 IZINC 18.7 
Shading indicates that the maximum concentration exceeds the spe cified 

- 
crib 

0.052 NTCOlSWOlOO, 
NTCOl SW0200 

2.6 I LrrPn4 1Yl b” l3YY”L”” T\ll‘nT\nn 

3670 I NTCOI SW01 00 . ..-_.- .._.__ 

253000 I NTCOl SW0500 ___ 

5 .l NTCOlSWOlOO 

.5 NTCOl SW01 00 
If ..s.7 NTCOlSWO500 

and that the chemical is selected as a COPC. brion 

215 
I I I I I I I I 

315 2.3-3 2.6 NA , 73 I N I NA i tnn I N-J I RS: 1 1 , I - I ._ --- f 

__ !il!i -.- I 1 
I 

3670 -_. _ NA NA NA NA No NUT 

5/5 -_ 253000 NA NA NA NA No NUT. 

115 2.6 - 2.6 ASL 

BSL 

115 17.2 - 18.7 18.7 NA 1100 N } NA 1 5000 [ No BSL 
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TABLE 6-7 

CHEMICALS RETAINED AS COPCs 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Subsurface Soil Groundwater 

Chemical Direct 
Soil to Air 

Soil to Direct Vapor Surface Water Sediment 

Contact Groundwater Contact Intrusion 

Volatile Organic Compounds 
Benzene X 

Methylene Chloride X 

Vinyl Chloride X 

PesticideslPCBs 
alpha-BHC X 
Aroclor-1248 X 
Dieldrin X 
gamma-BHC (Lindane) X 3 
Herbicides 

[Pentachlorophenol I I I X I I I 
DioxinslFurans 

[2,3,7,8-TCDD TEQ 1 X I X I X I I I X I X I 

Notes 
X - Indicates chemical was retained as a COPC. 



TABLE 6-8 

EXPOSURE ROUTES FOR QUANTITATIVE EVALUATION 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Receptors Exposure Routes 
Maintenance Workers . Surface Water/Sediment - Dermal Contact 
(current/future land use) . Surface Water/Sediment - Incidental Ingestion 
Adolescent Trespassers/Recreational . Surface Water/Sediment - Dermal Contact 
Users . Surface Water/Sediment - Incidental Ingestion 
(current/future land use) 
Adult Recreational Users (golfers) . Surface Water/Sediment - Dermal Contact 
(current/future land use) . Surface Water/Sediment - Incidental Ingestion 
Construction Workers . Soil - Dermal Contact 
(future land use) . Soil - Incidental Ingestion 

. Inhalation of Air/Dust/Emissions (from soil) 

. Groundwater - Dermal Contact (during excavation) 

. Groundwater Inhalation of Volatile Organics in a 
Trench (during excavation) 

. Surface Water/Sediment - Dermal Contact 

. Surface Water/Sediment - Incidental Ingestion 
Occupational Workers l Inhalation of Indoor Air (vapors from groundwater) 
[future land use) 
Dn-Base Military Residents . Soil - Dermal Contact 
(adult/children) (future land use) . Soil - Incidental Ingestion 

. Inhalation of Air/Dust/Emissions (from soil) 

. Groundwater - Dermal Contact 

. Groundwater - Ingestion 

. Inhalation of Indoor Air (vapors from groundwater) 

. Surface Water/Sediment Dermal Contact 

. Surface Water/Sediment Incidental Ingestion 
On-site Civilian Residents . Soil - Dermal Contact 
(adult/children) (future land use) . Soil - Incidental Ingestion 

. Inhalation of Air/Dust/Emissions (from soil) 

. Groundwater - Dermal Contact 

. Groundwater - Ingestion 

. Inhalation of Indoor Air (vapors from groundwater) 

. Surface Water/Sediment - Dermal Contact 

. Surface Water/Sediment - Incidental Ingestion 



TABLE 6-9 

EXPOSURE POINT CONCENTRATIONS FOR COPCS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Exposure Point Concentration 

Chemical of Potential Concern 

2,3,7,a-TCDD TEQ HALF ND 

BAP EQUIVALENT - HALF ND 

BENZENE 

VINYL CHLORIDE 

NAPHTHALENE 

2-METHYLNAPHTHALENE 

AROCLOR-I 248 

ALUMINUM 

ANTIMONY 

ARSENIC 

BARIUM 

CHROMIUM 

COPPER 

IRON 

LEAD 

MANGANESE 

SILVER 

THALLIUM 

VANADIUM 

Subsurface Soil(‘) 

OWW 
o.oo9’3’ 

12 

1 

8,030 
7.1 

12 

26.1 

627 
39,800 

209C4’ 
533 
94.9 
0.82 

42.9 

Groundwatert2) 

WL) 

0.44 

6.8 

1.5 

8,650 

3.3 

566 
14.1 

17,600 

2.24’ 
5,070 

20.7 

Sediment(‘) 

(mg/W 
0.000016’3’ 

3 

0.82(3) 

8,520 

8.5 

26.6 

21,400 

0.44 

23.7 

Surface Watert3) 

@SW 
0.000004 

0.2 

0.34 

3.6 

5.1 

Blank spaces indicate that the chemical was not selected as A COPC for the specified medium 

1 - UCLs calculated by the US EPA’s ProUCL software, unless otherwise noted. See RAGS-Part D Table 3s in Appendix F-l 
for details concerning the UCLs. 

2 - Maximum concentrations are used as EPCs based on Illinois EPA guidance (see Section 6.2.3 of text). 
3 - The maximum concentration is used as the EPC because the data set consists of less than 10 samples. 
4 - As per IEUBK and Adult Lead Model guidance, the arithmetic average is used as the EPC for lead (see Section 6.4.4.5 of text). 



TABLE 6-10 
, 

SUMMARY OF EXPOSURE INPUT PARAMETERS 
REASONABLE MAXIMUM EXPOSURES (RME) 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

PAGE 1 OF 4 

Exposure Parameter 

All Exoosures 

Construction Maintenance 
Worker Worker 

Occupational 
Adolescent Adult 

On-Site Child On-Site Adult 
Worker 

Recceational Recreational 
User/Trespasser User (Golfer) 

Resident Resident 

-.. ---.-- 

P P ,rn”,l,,-.\ 1 Maximum or 1 Maximum or 1 Maximum or 1 Maximum or 1 Maximum or 1 Maximum or 1 Maximum or 1 
“sotl/“sed \’ ’ ‘Y’ “Y 1 
CL.., (us/L) 1 95% XL”’ 1 95% UCL”’ 1 95% UCL”’ 1 95% UCL”’ 1 95% UCL”’ 1 95% UCL”’ 1 95% DCL”’ 

Maximum I NA 
I I 

1 

I Maximum I NA I NA I Maximum I Maximum I *., >. - , I 

csw b-w) 
Maximum or Maximum or Maximum or Maximum or. Maximum or Maximum or Maximum or 
95% UCL”’ 95% UCL”’ 95% UCL”’ 95% UCL”’ 95% UCL”’ 95% UCL”’ 95% UCL”’ 

ED (years) , (2) 25(3’ 25(3) 1 oC4’ 24’5’ 66) 24@’ 
,BW (kg) 7oC5’ 7ot5’ 70@’ 42@’ 70@) 1 d5) 7oC5’ 
AT, (days) 42(7’ 9,125@’ 9,125(E) 3,650”’ 8,760’*’ 2,190’6’ 8,760”’ 
AT, (days) 25,550@’ 25,550@’ 25,550@) 25,550@’ 25,550@) 25,550@) 25,550@’ 
Incidental Ingestion/Dermal Contact with Soil 
IR (mg/day) 330C9’ NA ! NA .._. ! NA I NA 2ooC5) I 1 oot5’ 

(EF-Soil (days/year) 
-.. 

3OwJ’ NA NA NA NA 350C5’ 350t5’ I /CI 1 j ! ! ! .~ ! 
FI (unltless) , IJ, NA 
SA (cm’/day) 3,300”” NA 

0.3’” AF (mq/cm”) NA 

ABS (unitless) 
chemical- 
specific(“) 

NA 

CF (kg/mg) 1 E-06 NA 
Inhalation Fugitive Dust/Volatile Emissions from Soil 
C,,, (mg/m3) calculated’g) NA 
InhR (m3/hour) 2.5@’ NA 

8(12) ET (hours/day) NA />^% 

NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

, (5) 

2,800”” 
0.2(“’ 

chemical- 
specific(“) 

1 E-06 

calculatedg) 
10 m3/day@) 

24@’ 

, (5) 

5,700(“) 
0.07(“’ 

chemical- 
specific?‘) 

1 E-06 

calculated(g) 
20 m3/day(‘) 

24(” 
EF-Soil (days/year) 

( l.2;::;6(g1 1 PEF (m3/kq) 
Ingestion/Dermal Contact with Groundwater 

1 R,, Way) NA 

EF (days/year) 3O”O’ 

ET (hours/day) and t,,,,r 
(hours/event\ 

a(2) 

NA I NA NA NA I 350@’ I 350C5’ 
NA NA I NA I NA 1 1.36E+09”’ 1 1.36E+O9”’ 

NA NA NA NA 1.5(“) pl 

NA NA NA NA 350t5’ 350t5’ 

NA NA NA NA 0.25@) 0.25@’ 
..__ -.-.-... 

EV (events/day) 
I I I 

I , (2) 
I 

I 

NA I NA I NA I NA I , (2) , (2) 



puction I Exposure Parameter 
Consb 

WO’ 

A (cm’/day) 

rker 
I 

3,300”” 
I -L ~-.--I 
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Maintenance Occupational 
Adolescent Adult e. m... am-:,_1 un-ame Lnria ’ A- Site Adult Un-; 

Worker Worker 
Recceational Recreational 

User/Trespasser User (Golfer) 
Resident I Rr , .asident 

I, ,L 
NA NA NA NA 6,600” ‘I 18,000”” 

I I I I Ahrrm:rP,~ .-hnminal- 
K, (cm/hour) 

t* (hour/event), r (hour), 
and B (unitless) 

cnem’cal- 
specific(“) 
chemical- 
specific(“) 

NA NA 

NA NA 

NA 

NA 

NA 

NA 

b, 1ca I ,,cla,- 
specific(“) 
chemical- 
specific(“) 

bI ,=I I lluulr 
specific(“) 
chemical- 
specific(“) 

Inhalation of Volatile Emissions while Showering 

Cair bWm3) NA NA NA NA NA 

InhR (m3/hour) NA NA NA NA NA 
EF (days/year) NA NA NA NA NA 
ET (hours/day) NA NA NA NA NA 

Inhalation of Volatile Emissions from Groundwater by Vapor Intrusion and in a Trench (Construction Workers) 

Gir (ms/m3) calculatedn4) NA calculatedn5) NA NA 

InhR (m3/hour) 2.5@’ NA 2.5(” NA NA 
EF (days/year) 3OW) NA 250@ NA NA 
ET (hours/day) d(2) NA 8(g) NA NA 

Calculatedn3) 

0. 6(7’ 
350C5’ 
o.33C2’ 

calculatedn5) 

0.833”’ 
350C5’ 
24(” 

Ingestion/Dermal Contact with Surface Water 

I 0.01 (16’ 
1 I _. I ,<^, I 

o.01”6’ NA IR,, (ml/hr) 

EF (days/year) 
I-T IL-. .“^,A^..\ ^^A 1 

0.01 (16’ 0.01 (16’ o.05”6’ 0.01 (‘O’ I I , 
3O”O’ 30’17’ I NA ‘$8’ 30”7’ 30(‘7) 30”7’ 

I I c I \rl”“ls/“ay, dll” teven, 

jhours/event) 
EV (events/day) 
A (cm2/day) 

K, (cm/hour) 

t” (hour/eventj, z (hourj, 
and B (unitless) 

CF (L/cm31 

b(2) 

, (2) 

3,300’” 
chemical- 
specific(“) 
chemical- 
specific(“) 

1 E-03 

$2) 

,(a 

3,300”” 
chemical- 
specific(“) 
chemical- 
specific”‘) 

1 E-03 

NA 

NA 
NA 

NA 

NA 

NA 

d(2) 

1 (2) 

3,280”” 
chemical- 
specific(“) 
chemical- 
specific(“) 

1 E-03 

163 

, (2) 

5,700(“’ 
chemical- 
specific(“) 
chemical- 
specific?” 

1 E-03 

p 

,(a 

3,300’20’ 
chemical- 
specific(“) 
chemical- 
specific(“) 

1 E-03 

p 

l(2) 

5,700’” 
chemical- 
specific’“’ 
chemical- 
specific(“) 

1 E-03 
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Exposure Parameter 
Construction Maintenance 

Worker Worker 

Incidental IngestionlDermal Contact with Sediment 
IR (mg/day) 330C9’ 1 oo@’ 
EF-Sediment (days/year) 30(‘0) 30(‘7) 

FI (unitless) , (5) , (5) 

SA (cm*/day) 3,300’” 3,300’” 
AF (mglcm’) 0.3”” 0.2’” 

ABS (unitless) 
chemical- chemical- 
specific(“) specific(“) 

CF (kglmg) NA 1 E-06 

Adolescent Adult 
Occupational On-Site Child On-Site Adult 

Worker 
Recceational Recreational 

User/Trespasser User [Golfer) 
Resident Resident 

NA 1 oo@’ 1 oo@’ 2oor5’ 1 oo’5’ 
NA @-,“8’ 30”7! 30”7’ 30”7’ 

NA , (5) , (5) , (5) , (5) 

NA 3,280(“’ 5,700(“’ 2,800’” 5,700”” 
NA 0.2(“) 0.07”” 0.2(“) 0.07(“’ 

NA 
chemical- chemical- chemical- chemical- 
specific(“) specific”” specific(“) specific(“) 

NA 1 E-06 1 E-06 1 E-06 lE-06 

A 
ABS 
AF 
AT, 
AT, 
B 
BW 
CF 
IR 
Csoillsed 

c gvdsw 

C au 

ED 

Skin surface area available for contact 
Absorption factor 
Soil-to-skin adherence factor 
Averaging time for carcinogenic effects 
Averaging time for non-carcinogenic effects 
Bunge Model partitioning coefficient 
Body weight 
Conversion factor 
Ingestion rate 
Exposure concentration for soil/sediment 
Exposure concentration for groundwaterlsurface water 
Exposure concentration for air 
Exposure duration 

EF 
ET 
EV 
FI 
InhR 
IR 

KP 
SA 
PEF 
z 
t* 
t event 

Exposure frequency 
Exposure time 
Event frequency 
Fraction ingested from contaminated source 
Inhalation rate 
Ingestion rate (soil or groundwater) 
Permeability coefficient from water through skin 
Skin surface area available for contact 
Particulate emission factor 
Lag time 
Time it takes to reach steady-state conditions 
Duration of event 

1 - USEPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10. 
2 - Professional judgment. 
3 - USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03. 
4 - Adolescents ages 7 to 16 years old. 
5 - USEPA, 1993: Superfund’s Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum’Exposure. 
6 - USEPA, 1997: Exposure Factors Handbook. EPAl60018-95/002FA. 
7 - Illinois EPA, Janaury 2003. 
8 - USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 
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Exposure Parameter 
Construction Maintenance 

Worker Worker 
Occupational 

Adolescent Adult 
Recceational Recreational 

On-Site Child On-Site Adult 

Worker 
User/Trespasser User (Golfer) 

Resident Resident 

9 - USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Super-fund Sites. OSWER 9365.4-24. 
IO - Illinois EPA, April 2004. 
11 - USEPA, 2004: Risk Assessment Guidance for Super-fund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005. 
12 - Assume an 8-hour work shift. 
13 - Foster, S.A. and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower. 
14 - VDEQ, September 2004. Virginia Department of Environmental Quality (VDEQ, online -http://www.deq.state.va.us/brownfieldweb/vrp.html). 
15 - USEPA, 2004: OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils. 
16 - USEPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 
17 - Assume one day a week in warm weather months for reasonable maximum exposure and every other week for central tendency exposure. 
18 - Assume two days a week in warm weather months for reasonable maximum exposure and one day a week for central tendency exposure. 
19 - Assume 25 percent of total body surface area is exposed, USEPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA. 
20 - Assume 50 percent of total body surface area is exposed, USEPA, 2004. 

Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents. 
Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE. 
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Exposure Parameter 

All Fxanntlren 

Construction 
Worker 

Maintenance Occupational 
Worker Worker 

Adolescent 
Recceational 

User/Trespasser 

Adult 
Recreational 
User (Golfer) 

On-Site Child 
Resident 

On-Site Adult 
Resident 

Csoil/Csed (w/kg) 

c,, WL) 

cw WL) 

Maximum or 
95% UCL”’ 
Maximum 

Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 

NA 
Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 
Maximum 

Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 

NA 
Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 

NA 
Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 
Maximum 

Maximum or 
95% UCL”’ 

Maximum or 
95% UCL”’ 
Maximum 

Maximum or 
95% UCL”’ 

Incidental Inoestion/Dermal Contact with Soil 

SA (cm*/day) 
AF (mglcm”) 

ASS (unitless) 

3,300”“’ NA NA NA 
0.1 (lo’ 

chemical- 
specificno’ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

2,800(10’ 
o.o4(‘O’ 

chemical- 
specific(“) 

5,7oo(‘O’ - 
0.01 (IO’ 

chemical- 
specificno) 

ICF (kg/mg) 1 E-06 NA 

NA 

Inhalation Fugitive DustIVolatile Emissions from Soil 
I&, (mglm”) 

1_.1 , 

NA 

1 calculated”” 1 NA 
InhR (m’/hour) 

,_. 
1.5@ NA 

ET (hours/day) 4(E) NA 
EF-Soil (days/year) 3oC9’ NA 

LPEF (m3/kq) 1 1.27E+06”” 1 
Ingestion/Dermal Contact with Groundwater 

1 lb., Way) NA 

NA 

NA I 

NA 

NA 

NA 

NA 

1 E-06 

1 1.36E+09’” 

I 1 E-06 

I NA NA NA o.66t5) 

! 

I 

NA 

1 .4(3) 

NA NA calculated(“) calculated(“) 
NA NA NA 10 m3/dayr5’ 20 m3/dav(“) 
NA NA NA 24@’ 24(“l 
NA NA NA 234(3’ 234(3) 

1 1.36E+09”” 1 

EF (days/year) 
ET (hours/day) and tevent 
(hours/event) 
EV (events/day) 

3oC9’ NA NA NA NA 234r3’ 44’3’ 

$7) NA NA NA NA 0.25(5’ 0.25@) 
, (2) NA NA NA NA , (2) ,(a 

, ! 
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Exposure Parameter 

A (cm”/day) 

K, (cm/hour) 

I t* (hour/event), z (hou mr), 
I and B (unitless) 

Construction 
Worker 

3,300”O’ 
chemical- 
specific(“) 
chemical- 
specific(“) 

Maintenance 
Worker 

NA 

NA 

NA 

Occupational 
Adolescent Adult 

Worker 
Recceational Recreational 

On-Site Child On-Site Adult 

User/Trespasser User (Golfer) 
Resident Resident 

NA NA NA 6,6OO(‘O) 1 8,000uo’ 

NA NA 
chemical- chemical- 

NA 
specific(“) specific(“) 

ct 
NA NA NA 

chemical- 
specific(“) SF 1 

iemical- 
)ecificno’ I 

Inhalation of Volatile Emissions while Showering 

IL (mah3) NA NA NA NA I NA I Calculated(‘2) I Calculated(12) 1 

InhR (m3/hour) 
EF (days/year) 

NA NA NA NA NA 0.6”’ 0.6(‘) 
NA NA NA NA I NA 234r3’ 234’3’ . 

1 ET (hours/day) NA NA NA NA NA 

Inhalation of Volatile Emissions from Groundwater by Vapor Intrusion and in a Trench (Construction Workers) 

IL, (ma/m3) 1 calculated(‘3) 1 NA 1 calculated(‘4) 1 NA I NA 

0.25’2’ 0.25(” J 

I calculatedn4) I calculated(‘4) 1 
InhR (m3/hour) I 1 .5C5’ I NA I 1.5@’ I NA I NA I 0.42’5’ I 0.833”” 
EF (davs/vear) 5X-P NA 71d3’ NA NA 234(3’ 234(3’ 

ET (hours/day) $8) NA $1) NA NA I 24r5’ 24’11) 

I 0.01 (15’ ~--I--- __ 0.01 (15’ 
Ingestion/Dermal Contact with Surface Water 

1 IR,, (ml/hr) 

EF (days/year) 3oC9’ 
ET (hours/day) and t,,,,, 
(hours/event) 

$3) 

EV (events/day) 1 (2) 

A (cm2/day) 

K, (cm/hour) 

t’ (hour/event), T (hour), 
and B (unitless) 

CF (L/cm3) 

3,300”O’ 
chemical- 
specific(“) 
chemical- 
specificno) 

1 E-03 

,506) 

,@I 

, (2) 

3,300”O’ 
chemical- I 
c me r -cificno’ 
chemica!- 
specific”‘) 

1 E-03 

0.01 w- I o.05”5’ I o.01’15’ I 
,506) 

,P) 

, (2) 
!x 7nn(‘Ol 
J, I “” I 

chemical- I 
specific(“) 
chemical- 
specific(“) 

1 E-03 

,5(16) ,5W) 

, (8) , (8) 

l(2) ,(a 
Q QrlAU9) 
JIG”” I 

r 7nn(‘O) J,I”” 
I 

chemical- I chemical- I 
specific(“) 
chemical- 
specific(“) 

1 E-03 

specific(“) _ 
chemical- 
specific(“) 

1 E-03 

NA 

NA 

NA 

NA 
NA 
. _ 
NA 

NA 

NA 

0.01 (15’ 
30”” 

$8) 

,(a 

3,1 oo’16’ 
chemical- 
specific”” 
chemical- 
specific(“) 

1 E-03 

---. ..-. 
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I I 
Exposure Parameter 

Construction 
Worker “““1 n-z1 

Incidental Ingestion/Dermal Contact with Sediment 

I 
Maintenance 

rdult I - -. -- -- I - Site Adult 

\I,S...b,.. lesident 

Occupational 
Adolescent A 

Worker 
Recceational Recreational 

On-Site Child On- 

User/Trespasser User (Golfer) 
Resident R 

\lR (mg/day) I 165@’ I 50’a’ I NA I 50@’ I 50’8’ I 1 oot8’ I 50t8’ 
a ,f161 . ,Il6l EF-Sediment (days/year) 

FI (unitless) 
SA (cm’/day) 
AF (m&m*) 

ABS (unitless) 

CF (kg/mg) 

3oC9’ 
, (5’ 

3,300”O’ 
O.l”O’ 

chemical- 
specific(“) 

1 E-06 

15(‘“) 
, (5) 

3,300”O’ 
0.01 (‘O) 

chemical- 
specific(“) 

1 E-06 

NA 
NA 
NA 
NA 

NA 

NA 

30’17’ 

, (5) 

3,100”8’ 
o.o4(‘O) 

chemical- 
specific”‘) 

1 E-06 

15(16) 

, (5) 

5,700”O’ 
O.Ol(‘O) 

chemical- 
specific(“) 

1 E-06 

13 -’ 
, (5) 

2,800”” 
o.04”“’ 

chemical- 
specific(“) 

1 E-06 

la“-' 
, (5) 

5,7oo(‘O’ 
0.01 (‘O’ 

chemical- 
specific(“) 

1 E-06 

Notes: 
A 
ABS 
AF 

AT, 
AT, 
B 
BW 
CF 
IR 
C SaIlsed 

C gwlsw 

cair 

ED 

Skin surface area available for contact 
Absorption factor 
Soil-to-skin adherence factor 
Averaging time for carcinogenic effects 
Averaging time for non-carcinogenic effects 
Bunge Model partitioning coefficient 
Body weight 
Conversion factor 
Ingestion rate 
Exposure concentration for soil/sediment 
Exposure concentration for groundwater/surface water 
Exposure concentration for air 
Exposure duration 

EF 
ET 
EV 
FI 
InhR 
IR 

KP 
SA 
PEF 
7 
t+ 
t event 

Exposure frequency 
Exposure time 
Event frequency 
Fraction ingested from contaminated source 
inhalation rate 
Ingestion rate (soil or groundwater) 
Permeability coefficient from water through skin 
Skin surface area available for contact 
Particulate emission factor 
Lag time 
Time it takes to reach steady-state conditions 
Duration of event 

1 - USEPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites, OSWER 9285.6-10. 
2 - Professional judgment. 
3 - USEPA, 1993: Superfund’s Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure. 
4 - Adolescents ages 7 to 16 years old. 
5 - USEPA, 1997: Exposure Factors Handbook. EPAl600/8-95/002FA. 
6 - Illinois EPA, Janaury 2003. 
7 - USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. 
8 - Central tendency exposure is assumed to be one-half the reasonable maximum exposure value. 
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Exposure Parameter 
Construction Maintenance 

Worker Worker 
Occupational 

Adolescent Adult 
Recreational 

On-Site Child On-Site Adult 

Worker 
Recceational 

Resident Resident 
User/Trespasser User (Golfer) 

9 - Illinois EPA, April 2004. 
10 - USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005. 
11 - USEPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24. 
12 - Foster, S.A. and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower. 
13 - VDEQ September 2004. Virginia Department of Environmental Quality (VDEQ, online -http://www.deq.state.va.us/brownfieldweb/vrp.html). 
14 - USEPA, 2004: OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils. 
15 - USEPA Region 4, 2000: Supplement Guidance to RAGS: Region 4 Bulletins. 
16 - Assume one day a week in warm weather months for reasonable maximum exposure and every other week for central tendency exposure. 
17 - Assume two days a week in warm weather months for reasonable maximum exposure and one day a week for central tendency exposure. 
18 - Assume 25 percent of of 50th percentile total body surface area is exposed,USEPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA. 
19 - Assume 50 percent of total body surface area is exposed, USEPA, 2004. 

Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents. 
Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE. 



TABLE 6-12 

NON-CANCER TOXICITY DATA -- ORAUDERMAL 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Notes: 

1 - USEPA, July 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance 

for Dermal Risk Assessment) Final. EPAL540/R/99/005. 

2. Adjusted dermal RfD = Oral AID x Oral Absorption Efficiency for Dermal. 

Definitions: 

CNS = Central nervous system 

CVS = Cardiovascular system 

GS = Gastrointestinal System 

EPA 3 = USEPA Region 3 RBC Table, April, 2007. 

HEAST= Health Effects Assessment Summary Tables 

IRIS = Integrated Risk Information System 

NA = Not applicable 

NCEA = USEPA National Center for Environmental Assessment 

/ 

- - ..- . 



TABLE 6-13 
NON-CANCER TOXICITY DATA -- INHALATION 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

Chemical 

of Potential 

Concern 

Volatile Organic Compounds 

Benzene 

Semivolatile Organic Compounds 

Naphthalene 

2-Methylnaphthalene 

Chronic/ Inhalation RfC Extrapolated RfD(‘) Primary Combined RfC : Target Organ(s) 

Subchronic Target Uncertainty/Modifying 

Value Units Value Units Organ(s) Factors Source(s) Date(s) 

1 Chronic 1 3.OE-02 1 mg/m3 1 86E-03 I (mglkglday) I Blood I 300/l I IRIS I 5/2007 

I Chronic I 0.003 ( mglm’ I 8.6E-04 I (mglkgiday) ) Nasal Effects 3000/i IRIS 5/2007 

NA I NA I NA I NA I NA NA I NA I NA NA 

Notes: 

1 - Extrapolated RfD = FifC ‘20m3/day I70 kg 

Definitions: 

IRIS = Integrated Risk Information System 

NA = Not applicable 



TABLE 6-14 

CANCER TOXICITY DATA -- ORAUDERMAL 

SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Chemical Oral Cancer Slope Factor I Oral Absorption I Absorbed Cancer Slope Factor I Weight of Evidence/ I Oral CSF 
of Potential 

Concern Date 

Notes: 
1 _ USEPA, July 2004: Risk Assessment Guidance for Superfund (Part E. Supplemental Guidance 

for Dermal Risk Assessment) Final. EPAI540/R/99/005. 
2 _ Adjusted cancer slope factor for dermal = 

Oral cancer slope factor / Oral Absorption Efficiency for Dermal. 

USEPA Group: 
A - Human carcinogen, 
Bl - Probable human carcinogen - indicates that limited human data are available 
82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C - Possible human carcinogen. 

MS = Integrated Risk Information System. 

HEAST= Health Effects Assessment Summary Tables 

Definitions: D - Not classifiable as a human carcinogen, 

E - Evidence of noncarcinogenicity. 



TABLE 6-15 
CANCER TOXICITY DATA - INHALATION 

SITE 1 - GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

Ii Chemical Unit Risk 

I I I 

I Inhalation Cancer 1 Weight of Evidence/ 1 Unit Risk : Inhalation CSF il 
of Potential Slope Factor”’ Cancer Guideline 

Concern Value Units Value Units Description Source Date 

Volatile Organic Compounds 

Benzene I 7.8E-03 I (mg/m3)“ I 2.7E-02 1 (mg/kg/day)-’ 1 A I IRIS I 512007 

Dioxins/Furans 

2,3,7,8-TCDD TEQ I 4.3E+04 I 0-W-W 1 1.5E+05 I (mg/kg/day)) 1 B2 I HEAST I 7/l 997 

Notes: 

1 - Inhalation CSF = Unit Risk l 70 kg / 20m3/day. 

Definitions: 

IRIS = Integrated Risk Information System. 

HEAST= Health Effects Assessment Summary Tables 

USEPA Group: 

A - Human carcinogen. 

Bi - Probable human carcinogen - indicates that limited human data are available. 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C - Possible human carcinogen. 

D - Not classifiable as a human carcinogen. 

E - Evidence of noncarcinogenicity. 



TABLE 6-16 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 1 of 4 

Total Sediment 
Total Surface Water 

Total Groundwater 
Total Across the Entire Site 

Receptor 

Maintenance Worker 

Medium Exposure Cancer 
Route Risk 

Sediment Ingestion 2.E-06 
Dermal Contact 1 .E-06 
Total 3.E-06 

Surface Water Ingestion 2.E-08 
Dermal Contact 1 .E-05 
Total 1 I-05 

Total Sediment 3.E-06 
Total Surface Water 1 .E-05 

Total Across the Entire Site 2.E-05 

Chemicals with Chemicals with Chemicals with Hazard Chemicals with 
Cancer Risks Cancer Risks Cancer Risks Index HI> 1 

> 1E-4 >lE-5and<lE-4 >lE-6and<lE-5 (HI) 
_ . - . __ 0.01 _ . 
__ __ _ . 0.0007 . _ 
. _ . . __ 0.01 _ . 
__ _ . __ 0.002 _ - 
. _ __ _ . 
. . _ . cPAHs, DioxindFurans 0.003 _ _ 
__ __ -_ 0.01 _- 
. . . _ . . 0.003 I _ 
. . _ . _ . 0.02 _ . 



TABLt 6.16 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME) 

SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 2 of 4 

Cancer Risks 

Total Across the Entire Site 

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 

Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

> 1 E-4 >iE-Sand<lE-4 >lE-6and5lE-6 (HI) 

Adolescent Trespasser Sediment Ingestion 2.E-06 . - . . __ 0.04 _- 

Dermal Contact 1 .E-06 __ __ __ 0.002 _- 

Total 3.E-06 __ __ cPAHs 0.04 _- 

Surface Water Ingestion 5.E-06 __ _ . . _ 0.01 _ . 

Dermal Contact 2.E-05 __ cPAHs Dioxins/Furans 0.007 . - 

Total 2.E-05 . _ cPAHs Dioxins/Furans 0.02 _- 

Total Sediment 3.E-06 __ __ -_ 0.04 _ . 

Total Surface Water 2.E-05 __ __ __ 0.02 __ 

Total Across the Entire Site 3.E-05 _- - . _- 0.06 __ 

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 

Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

> lE-4 >lE-5and5lE-4 >lE-6and<lE-5 (HI) 

Adult Recreational User Sediment Ingestion 2.E-06 __ _. __ 0.01 __ 

Dermal Contact 6.E-07 __ . _ __ 0.0004 __ 

Total 2.E-06 _- __ __ 0.01 __ 

Surface Water Ingestion 9.E-09 . _ -_ __ 0.001 __ 

Dermal Contact l.E-05 __ __ cPAHs, Dioxins/Furans 0.001 __ 

Total 1 .E-05 __ _ . cPAHs, Dioxins/Furans 0.002 _ . 

Total Sediment 2.E-06 __ . . . _ 0.01 . . 

Total Surface Water 1 .E-05 _- . _ __ 0.002 . _ 

Total Across the Entire Site 2.E-05 _ . . - _ . 0.01 __ 



TABLE 6-16 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME) SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME) 
SITE 1 -GOLF COURSE LANDFILL SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS NAVAL STATION GREAT LAKES, ILLINOIS 

Page 3 of 4 Page 3 of 4 

Receptor 

Resident 

Medium Exposure 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks Cancer Risks 

Hazard 
Index 

Chemicals with 
HI> 1 

Total Groundwater Total Groundwater 
Total Across the Entire Site Total Across the Entire Site 

Receptor Medium Exposure 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Hazard 
Index 

Chemicals with 
HI > 1 

Future Adult Resident Sediment In estion 
D~ma,C---’ d”lNSX 
Total 

Surface Water lngestior I 
Dermal CUII~~.CL -^^*^^* 

Total 
Groundwater Ingestion 

Dermal Contact 
lnhalatio 

I I 

I c r ,.-. ! 
2.E-06 
me-u, 
2.E-06 
2.E-08 
0 c nc C.C-“J 
2.E-05 
5.E-05 
2.E-07 

n (showering) 3.E-08 ( 
I 5.E-05 I 

> lE-4 
__ 
. _ 
__ 
__ 
__ 
. . 
__ 
__ 
__ 
-_ 

) >lE-5and<lE-4 1 >iE-6andslE.5 1 (HI) 1 

I . _ __ 1 0.01 I . _ 
I __ . _ ’ --7” f o.olJbt I __ 

__ __ 0.01 __ 
__ __ 0.002 -_ 

I 
-n*, I_ crnns I 

n,- .-.,r vloxlns/rurans ^ --9 1 U.UUL , __ 

cPAHs I Dioxins/Furans -_ 
1 

1 0.004 1 
A__--.- I h”^^^^^^^^ 

ITotal ..- __ 
Total Sediment 2.E-06 

Total Surface Water 2.E-05 
Total Groundwater 5.E-05 

Total Across the Entire Site 7.E-05 

-_ 

__ 

-_ 
__ 

5 

0.6 
0.04 

R 

I”lollyallt33c 

__ 
__ 

Manoanese _ _. _ Y 
. . __ __ 0.01 __ 
__ ._ __ 0.004 -_ 
__ . . __ 8 _ . 
__ __ __ 6 . _ 



TABLE 6-16 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - REASONABLE MAXIMUM EXPOSURE (RME) 
SITE I- GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 4 of 4 

Total Surface Water 
Total Groundwater 

Total Across the Entire Site 

1 cPAHs = Carcinogenic PAHs 
NA = Not applicable 



TABLE 6-17 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE (CTE) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 1 of 4 

Total Sediment 
Total Surface Water 

Total Groundwater 
Total Across the Entire Site 

Maintenance Worker 

Surface Water 

micals with 
ricer Risks 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks Cancer Risks 

Hazard 
Index 

Chemicals with 
HI>1 

Ingestion 
Dermal Contact 
Total 
Ingestion 
Dermal Contact 

1 .E-07 
2.E-08 
2.F07 
2.E-09 
2.E-06 

> lE-4 
__ 
__ 
__ 
. _ 
. . 

>lE-5andflE-4 
-. 
__ 

_ . 
__ 

lE-6 and f IE-5 (HI) 
__ 0.003 
_ . 0.00003 . . 

0.003 __ 
._ 0.0005 

0.0003 __ 



TABL, u-17 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE (CTE) 

SITE 1 - G’OLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES, ILLINOIS 

Page 2 of 4 

Cancer Risks 

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 

Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

> IE-4 >IE-5andflE-4 > IE-6 and f IE-5 (HI) 

Adolescent Trespasser Sediment Ingestion 5.E-07 0.01 _ . __ __ __ 

Dermal Contact I .E-07 0.0002 _ . _- __ __ 

Total 7.E-07 0.01 . _ __ __ __ 

Surface Water Ingestion 1 .E-08 0.003 _- _- __ . _ 

Dermal Contact 8.L06 cPAH?!“, Dioxins/Furans 0.002 . _ __ -_ 

Total 8.E-06 __ __ cPAHs, DioxinslFurans 0.005 __ 

Total Sediment 7.E-07 __ __ __ _- 0.01 
Total Surface Water 8.E-06 __ __ __ __ 0.005 

Total Across the Entire Site 9.E-06 __ __ __ _ . 0.01 

Receptor Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 

Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI > 1 

> IE-4 > IE-5 and f lE-4 >iE-6andf IE-5 (HI) 

Adult Recreational User Sediment Ingestion I .E-07 . _ ._ _ . __ 0.003 

Dermal Contact 1 .E-08 0.00003 . _ . . __ _- 

Total 1 .E-07 __ _ . . . . _ 0.003 

Surface Water Ingestion 1 .E-09 . . __ . _ __ 0.0005 

Dermal Contact 2.E-06 __ __ cPAHs 0.0004 __ 

Total 2.E-06 _- ._ cPAHs 0.0009 _- 

Total Sediment 1 .E-07 . . . _ __ 0.003 . _ 

’ Total Surface Water 2.E-06 __ . _ _ . __ 0.0009 

Total Across the Entire Site 2.E-06 0.004 __ __ __ __ 



TABLE 6-17 

SUMMARY OF CANCER RISKS AND HAZARD INDICES -CENTRAL TENDENCY EXPOSURE (CTE) 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 3 of 4 

Receptor Medium Exposure 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Hazard 
Index 

Chemicals with 
HI > 1 

, Y.L-“Y , 

Total Sedimentl 3 F-n7 i 

Total Surface Water 2.E-06 
Total Groundwater 4.E-06 

Total Across the Entire Site 6.E-06 

Receptor 

Future Adult Resident 

r 

Medium Exposure 
Route 

Cancer 
Risk 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Chemicals with 
Cancer Risks 

Hazard 
Index 

Chemicals with 
HI > 1 

cPAHs 
, .a.... “V , I - 

II Contact I 
I 

7 F-m7 I __ I __ I -_ 0:3 -_ 
__ 0.02 __ 

Arsenic A 

Total Across 
al Groundwater 6.E-06 
; the Entire Site 9.E-06 I 

I 



TABL, d-17 

SUMMARY OF CANCER RISKS AND HAZARD INDICES - CENTRAL TENDENCY EXPOSURE (CTE) 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Page 4 of 4 

Receptor 

Residential Risks 

Medium Exposure Cancer Chemicals with Chemicals with Chemicals with Hazard Chemicals with 

Route Risk Cancer Risks Cancer Risks Cancer Risks Index HI>1 

> lE-4 > lE-5 and f IE-4 > 1 E-6 and f 1 E-5 (HI) 
__ 

Sediment Ingestion 4.E-07 _ . _ . NA __ 

4 F-08 . . __ _- NA __ 

Total Sediment 5.E-07 
Total Surface Water 4.E-06 I __._. _- ..__. 

Total Groundwater 1 .E-05 1 
l.E-05 I Total Across the Entire Site 

_ . I 
__ __ __ I 
_- _- . _ __ 1 NA 1 

I _ . __ __ __ 1 NA 1 

I ) NA 1 __ _ . _- _- 

1 cPAHs = Carcinogenic PAHs 
NA = Not applicable 
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7.0 ECOLOGICAL RISK ASSESSMENT 

The goal of the ERA for Site 1 was to determine whether adverse ecological impacts are possible to 

ecological receptors as a result of exposure to chemicals. A phased approach to the Screening-Level 

ERA (SERA) was used that relied on environmental chemistry data and field observations (i.e., habitat) 

for the preliminary assessment. Biological sampling or testing is not part of this investigation. 

The SERA methodology (Steps 1, 2, and 3a) used at Naval Station Great Lakes follows the guidance 

presented in the Final Guidelines for Ecological Risk Assessment (USEPA, April 1998), Ecological Risk 

Assessment Guidance for Super-fund: Process for Designing and Conducting Ecological Risk 

Assessments (USEPA, June 1997), the Navy Policy for Conducting Ecological Risk Assessments (April 

1999), and the Quality Assurance Project Plan (TtNUS, February 2007) prepared for this project. Figure 

7-1 presents the Navy’s Ecological Risk Assessment Tiered Approach. The first two steps are the SERA. 

Step 3a is the first step of the Baseline ERA and further refines the list of Chemicals of Potential Concern 

(COPCs) that are retained from the SERA and determines if Steps 3b through 7 of the Baseline ERA are 

necessary. Finally, Step 8, Risk Management, is incorporated throughout the ERA process, in 

cooperation with the Illinois EPA. 

In the first phase of the ERA process (Steps 1 and 2), conservative exposure estimates are made for 

grouped or individual ecological receptors, and these exposure concentrations are compared to screening 

levels and threshold toxicity values. The SERA includes the following considerations: 

l Screening-level problem formulation 

0 Screening-level ecological effects evaluation 

l Screening-level exposure estimate 

. Screening-level risk calculation 

7.1 SCREENING-LEVEL PROBLEM FORMULATION 

The screening-level problem formulation for an ERA includes identification of potential receptor groups, 

COPCs, and the mechanisms for fate/transport and toxicity. Complete exposure pathways that exist at a 

site are determined at this stage to facilitate receptor selection. As part of receptor identification, site 

habitats and potential ecological receptors are described. 
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7.1 .l Environmental Setting 

Site 1 was a landfill on approximately 50 acres that is now partially covered by an 18-hole golf course, 

Willow Glen Golf Course, on approximately 125 acres. The landfill was operated as a trenching/burning 

operation and received an estimated 1.5 million tons of material during its years of operation. A 

description of the site is provided in Section 2. 

The Skokie Ditch is a perennial stream that originates somewhere northwest of Site 1 and travels via an 

underground storm sewer until it surfaces in the middle of Site 1. The Skokie Ditch flows in a southerly 

direction from the site, passing the Supply Side area of the base and exits Navy property after passing 

the Green Bay Sewage Treatment Plant in Forrestal Village. From there, the Skokie Ditch becomes the 

Skokie River, which eventually discharges into the Chicago River. The Skokie Ditch is a sluggish, almost 

stagnant stream in this area, except immediately after a storm. No fishing has been reported in close 

proximity to the site (Rogers, Golden & Halpern, 1986). 

The Skokie Ditch south of Buckley Road in the Supply and Forrestal section of the base was evaluated by 

Clayton Group Services, Inc., to determine whether there were wetlands along or adjacent to the ditch. 

The ditch in that area was steeply cut, with the normal water level approximately 10 feet below the top of 

the bank. The banks were mowed and dominant species in the area are turfgrasses including Kentucky 

bluegrass (Pea prafensis) and fescue (Fesfuca elation). Scattered trees such as weeping willows (.%/ix 

baby/o&a) and eastern cottonwoods (Populus deltoids) were also present. Representative test pits and 

general observations did not reveal any primary or secondary indicators of wetland hydrology, so the area 

did not qualify as a wetland. However, the channel of the Skokie Ditch does qualify as a jurisdictional 

“waters of the United States” below the ordinary high water mark which includes approximately the areas 

below the top of the bank of the Skokie Ditch. 

- 

Recent bird surveys documented 34 species of breeding birds and 100 species of migratory birds within 

the Main Installation (U.S. Navy, October 1995 and August 2000). Some of the breeding birds identified 

in the survey are the belted kingfisher (Ceryle alcyon), downy woodpecker (Picoides pubescens), red- 

winged blackbird (Agelaius phoeniceus), and the cooper’s hawk (Accipiter cooperil). The greatest 

concentration and diversity of species are found in Pettibone Ravine and along the bluffs and beach 

areas where human impacts are least. 

Mammals likely or known to occur on the Main Installation include the bat (species undetermined), coyote 

(Canis /a&am), opossum (Didelphis virginiana), woodchuck (Marmota monax), meadow vole (Microtus 

pennsylvanicus), house mouse (Mus muscu/us), white-tailed deer (Odocoileus virginianus), raccoon 

.- 

xxxxx/P CT0 0013 



Naval Station Great Lakes 
Site 1 RVRA 
Section: 7.0 
Revision: 0 

Date: July 2007 
Page: 3 of 25 

(Procyon lotor), gray squirrel (Sciurus carohensis), eastern cottontail (Sylvilagus floridanus), and red fox 

(Vulpes vulpes) (Great Lakes Naval Training Center, July 2000). Larger species may be transient and 

have small populations due to limited amount of habitat, but smaller mammals that require less space 

have relatively large populations. 

The US Fish and Wildlife Service lists four species of animals and four species of plants in Lake and 

Cook Counties as threatened or endangered, but lack of suitable habitat for most of these species and 

urbanization surrounding the installation greatly reduces the possibility of finding any federal-listed 

threatened or endangered species at the site (Department of Navy, February 2001). Ten species of 

plants on Naval Station Great Lakes are State-listed as threatened or endangered. A few species of birds 

seen on Site 01 are State-listed threatened or endangered but were classified by the survey investigator 

as migrants, and not breeding birds. Section 3.2.3 of the Implementation of an Integrated Natural 

Resources Management Plan (Department of Navy, February 2001) includes a more detailed discussion 

of the State-listed threatened or endangered plants and birds and their occurrences at Naval Station 

Great Lakes. No species of mammals, fish, reptiles, amphibians, or invertebrates recorded at Site 01 are 

on the State-listed threatened and endangered species lists (Department of Navy, February 2001). 

7.1.2 Chemical Fate and Transport 

Based on historical data from Site 01 (Section 2), several classes of chemicals have the potential to be 

present at the site. These include VOCs, PAHs and other SVOCs, pesticides, PCBs, and metals and 

petroleum hydrocarbons. Dioxins and furans may have the potential to be present at the site due to the 

burning activities at the landfill. 

Physical and chemical characteristics of chemicals may affect their mobility, transport, and bioavailability 

in the environment. These characteristics include bioaccumulation factors [BAFs for inorganic chemicals 

and biota sediment accumulation factors (BSAFs) for organic chemicals], K,,s, and K,,s. For this 

document, BSAFs for organic chemicals are referredlto as BAFs because that is the common terminology 

used. 

7.1.3 Potential Exposure Pathways 

Figure 7-2 presents the conceptual site model. Because the landfill is covered by a portion of the golf 

course, there is not a complete exposure pathway for terrestrial receptors. For that reason, surface soil 

samples were not collected and risks to terrestrial ecological receptors were not evaluated in the SERA. 

Potential ecological receptors (e.g., benthic macroinvertebrates and fish) can be exposed to chemicals in 
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the surface water and sediment of Skokie Ditch by direct contact and incidental ingestion of surface water 

and surface sediment (0 to 4 centimeters bgs). Also, mammals and birds can be exposed to chemicals in 

the surface water and surface sediment of Skokie Ditch by direct contact, ingestion of contaminated food 

items, and incidental ingestion of surface water and surface sediment. Exposure of terrestrial wildlife to 

chemicals in surface water and surface sediment via dermal contact is unlikely to represent a major 

exposure pathway because fur and feathers are expected to minimize transfer of chemicals across 

dermal tissue. Therefore, the dermal pathway was not evaluated in the SERA. 

7.1.4 Endpoints 

7.1.4.1 Assessment Endpoints 

Assessment endpoints are explicit expressions of the environmental values that are to be protected 

(USEPA, June 1997). The selection of endpoints is based on the habitats present, the migration 

pathways of probable chemicals, and the routes that chemicals may take to enter receptors. For this 

SERA, the assessment endpoints were protecting the following groups of receptors from adverse effects of 

chemicals on their growth, survival, and reproduction: 

l Benthic invertebrates 

. Fish 

. Piscivorous birds and mammals 

The following paragraphs discuss why the assessment endpoints were selected for this SERA. 

Benthic Macroinvertebrates and Fish: Benthic macroinvertebrates and fish serve as a food source for 

higher trophic organisms (i.e., fish, amphibians, birds, mammals) and are likely to be present in Skokie 

Ditch. They may be at risk from direct exposure to chemicals in surface water or surface sediment. Also, 

benthic invertebrates and fish can accumulate chemicals that may be transferred to higher trophic 

organisms. 

Piscivorous Birds and Mammals: Piscivorous birds and mammals consume sediment invertebrates and 

fish that are potentially present in Skokie Ditch and may be exposed to chemicals through food items they 

consume. However, because Skokie Ditch does not support large fish populations, this exposure route is 

not expected to be significant. This pathway is being evaluated to be conservative because piscivorous 

birds have been observed in the area. 
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7.1.4.2 Measurement Endpoints 

Measurement endpoints are estimates of biological impacts (e.g., mortality, adverse effects on growth 

and reproduction) that are used to evaluate the assessment endpoints. The following measurement 

endpoints were used to evaluate the assessment endpoints in the SERA:. 

. No observed adverse effects levels (NOAELs) for surrogate wildlife species - Survival, reproductive, 

and/or developmental effects to piscivorous birds and carnivorous mammals were evaluated by 

comparing ingested doses from chemicals in surface water, surface sediment, sediment 

invertebrates, and fish to NOAELs. 

. Sediment screening values - Mortality and other adverse effects (i.e., on growth, feeding rates, and 

behavior) to fish and benthic macroinvertebrates were evaluated by comparing the measured 

concentrations of chemicals in surface sediment to screening values designed to be protective of 

ecological receptors. 

l Surface water screening values - Mortality and other adverse effects (i.e., on growth, feeding rates, 

and behavior) to aquatic organisms were evaluated by comparing the measured concentrations of 

chemicals in surface water to screening values designed to be protective of ecological receptors. 

7.1.4.3 Selection of Receptor Species 

Many receptors in the aquatic environment are adequately described in general categories such as fish 

and sediment-dwelling (benthic) invertebrates. This is due to the general nature of the threshold values, 

effects values, or water quality criteria that are typically used to characterize risk for such organisms. 

Therefore, specific benthic invertebrates and fish species were not selected as indicator receptor species. 

To evaluate potential risks to terrestrial wildlife, indicator species with known exposure factors (e.g., body 

weights and ingestion rates) were selected. The following indicator species were used for food-chain 

modeling (discussed in more detail later in the SERA): 

. Piscivorous mammals: Raccoon 

. Piscivorous birds: Belted Kingfisher 

Receptor profiles for each of these species are presented in Appendix G 
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7.2 ECOLOGICAL EFFECTS VALUES 

The preliminary ecological effects evaluation is an investigation of the relationship between the magnitude 

of exposure to a chemical and the nature and magnitude of adverse effects resulting from exposure. In 

addition to being a toxicity study, it may also include descriptions of apparent effects seen during the site 

visit. Toxicity thresholds are usually expressed in units of concentration when the medium of.concern is 

in intimate contact with the receptor, such as surface water for aquatic organisms or sediment for 

sediment invertebrates. For other receptors, such as terrestrial vertebrates, toxicity data are typically 

available as doses, with units equal to mass of chemical per unit of body mass per unit of time (usually 

mg/kg-day). The following sections describe the ecological effects values that were used in the SERA. 

7.2.1 Sediment Screening Values 

The sediment screening values used to select COPCs were compiled from different sources in 

coordination with Illinois EPA (see Table 7-l). The following bulleted list presents the sources and the 

order of preference in which they were used to compile the overall screening levels that were used in the 

SERA. The paragraphs following the bulleted list describe the sources: 

. Illinois EPA Tiered Approach for Evaluation and Remediation of Petroleum Product Releases to 

Sediments (September 2000) 

. Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater 

Ecosystems (MacDonald et al., 2000) 

l Ecotox Thresholds (USEPA, January 1996) 

. Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario (Ontario 

Ministry of Environment and Energy, August 1993) 

. Secondary Chronic Values from the Toxicological Benchmarks for Screening Chemicals of Potential 

Concern for Effects on Sediment-Associated Biota: (Jones et al., 1997). 

. Assessment and Remediation of Contaminated Sediment (ARCS) Project Benchmarks (USEPA, 

January 1996) 
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l USEPA Region 5 Ecological Screening Levels (August 2003) 

Illinois EPA’s Tiered Approach for Evaluation and Remediation of Petroleum Product Releases to 

Sediments (September 2000) lists baseline sediment cleanup objectives and alternate sediment cleanup 

objectives for several organic chemicals. These values were used first because they were developed by 

the Illinois EPA. T,he Illinois EPA calculated/provided sediment screening values for several chemicals 

that were detected at another Naval Station Great Lakes site (Site 17) that did not have pre-established 

values. These values are presented in Table 7-l. These values were also calculated for other chemicals 

that are detected in sediment at Site 1 for evaluation in the SERA. Illinois EPA agreed that these values 

do not need to be calculated for the chemicals that are included on the analytical list. Therefore, other 

sources in the literature were used to select screening values for chemicals that did not have Illinois EPA 

screening values as follows: 

l MacDonald, et al. (2000) developed consensus-based sediment quality guidelines for freshwater 

ecosystems by calculating the geometric mean across sediment guidelines from various sources. 

Two sets of values were developed by this method: (1) a Threshold Effects Concentration and (2) a 

Probable Effects Concentration. The Threshold Effects Concentration represents the concentration 

below which adverse impacts to benthic invertebrates are not expected. The Probable Effects 

Concentration is defined as a concentration above which adverse impacts to benthic invertebrates 

are expected to occur frequently. 

l The sediment Ecotox Thresholds (USEPA, January 1996) include draft USEPA Sediment Quality 

Criteria that have been established for two chemicals (dieldrin and endrin), Sediment Quality 

Benchmarks that have been established using equilibrium partitioning, and Effects Range-Low values 

(Long et al., January 1995). Effects Range-Low values were not used for screening purposes in this 

SERA because Long et al. studies were based on saltwater environments not representative of the 

freshwater conditions at Naval Station Great Lakes. The Sediment Quality Criteria and Sediment 

Quality Benchmarks Ecotox Thresholds are based on an assumption of 1 percent organic carbon 

(10,000 mg/kg TOC). The Sediment Quality Benchmarks are based on freshwater data. 

l The Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario (Ontario 

Ministry of Environment and Energy, August 1993) are based on freshwater studies. The Lowest 

Effects Levels (see below) were used as the screening values. The Ontario Ministry of Environment 

and Energy guidelines establish three effects levels, as follows: 
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- No Effect Level: Sediment will not affect fish or sediment-dwelling organisms. In addition, no 

transfer through the food chain and no effect on water quality is expected. 

- Lowest Effect Level: Sediment is considered marginally polluted but will not affect the majority 

of sediment-dwelling organisms. 

- Severe Effect Level: Sediment is considered highly polluted and likely to affect the health of 

sediment-dwelling organisms. 

l Jones et al. (1997) developed sediment quality benchmarks using equilibrium partitioning, similar to 

what was done for the Ecotox Sediment Quality Benchmarks described above. They termed the 

values secondary chronic values (Table 3 in Jones et al., 1997). The secondary chronic values are 

based on an assumption of 1 percent organic carbon, using various surface water screening levels. 

As footnoted on the table in Jones et al., (1997) some of the values are for polar nonionic organic 

compounds, for which the equilibrium partitioning model is likely to provide a conservative estimate of 

exposure. 

. The National Biological Service produced a set of benchmarks for the USEPA Great Lakes National 

Program Office as part of the Assessment and Remediation of Contaminated Sediment (ARCS) 

Project (USEPA, 1996 as cited in Jones, et al., 1997). The benchmarks were developed with the 

same procedures that were used to develop the Effects Range-Low and Effects Range-Medium 

values (Long et al., January 1995); however, these benchmarks are representative of freshwater 

conditions. The three concentration levels include the no effect concentration, the probable effect 

concentration, and the threshold effect concentration, similar to Ontario Ministry of Environment and 

Energy effects levels. 

. USEPA Region 5 developed a list of sediment screening levels for the initial screening of chemical 

concentrations in sediment samples (USEPA, August 2003). The sediment screening levels were 

either compiled from various sources in the literature, some of which are cited above, or were 

developed using equilibrium partitioning. 

7.2.2 Surface Water Screening Values 

The surface water screening values used to select COPCs were compiled from several different sources 

(see Table 7-2) in coordination with Illinois EPA. The following bulleted list presents the sources and the 
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order of preference in which they were used to compile the overall screening levels used in the SERA. 

For example, the Illinois water quality standards (WC&.) were used first and then the water quality criteria 

(WQCs) were used for chemicals that did not have a WQS. The paragraphs following the bulleted list 

describe the following sources: 

l Illinois EPA WQSs (March 2006) 

l Illinois EPA WQCs (July 2006) 

l USEPA-recommended WQCs (2006) 

l Oak Ridge National Laboratory Surface Water Benchmarks (Suter and Tsao, June 1996) 

. USEPA Region 3 Biological Technical Assistance Group Screening Levels (USEPA, October 

2005) 

l Screening Quick Reference Tables (Buchman, October 1999) 

The Illinois EPA WQSs are the concentrations of toxic substances that will not result in acute or chronic 

toxicity to aquatic life. The values from Subpart B of the regulations were used because Skokie Ditch is 

not located within the Lake Michigan Basin (Illinois EPA, March 2006). Illinois EPA has also developed 

WQCs for several chemicals for which WQSs were not developed that are used to evaluate the quality of 

surface water bodies (Illinois EPA, July 2006). These values were selected first because they are specific 

to Illinois and are enforceable standards. 

The USEPA-recommended WQCs were developed by USEPA to provide states with guidance on 

developing their own criteria (USEPA, 2006). These values are set to protect the majority of aquatic 

organisms from adverse impacts from chemicals in surface water. These values were used next because 

they are based on USEPA guidance. 

The Suter and Tsao (June 1996) benchmarks were calculated for Oak Ridge National Laboratory using 

Tier II methodology as described in USEPA’s Proposed Water Quality Guidance for the Great Lakes 

System (USEPA, April 1993). Tier II values were developed so that aquatic benchmarks could be 

established with fewer data than are required for the USEPA WQCs. These values were used next 

because they are commonly used as screening values in ERAS; however, most of them are not regulatory 

in nature. 

The Region 3 Biological Technical Assistance Group freshwater surface water screening values were 

developed to serve as conservative guidelines for evaluating sample data collected from Superfund sites 
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(USEPA, October 2005). BTAG values consider the most sensitive receptor organisms specific to each 

chemical and medium and were compiled from various sources. 

Finally, Screening Quick Reference Tables values were used when other sources had no established 

values for a given analyte. SQuiRT values (Buchman, October 1999) were compiled by the Coastal 

Protection and Restoration Division of the National Oceanic and Atmospheric Administration to serve as 

initial screening values in identifying potential impacts of hazardous waste sites to coastal habitats. 

7.2.2 Toxicity Reference Values 

The screening values are not designed to evaluate risk to wildlife. Therefore, in addition to comparing the 

surface water and surface sediment concentrations to screening values, risk to wildlife from chemicals in 

sediment was calculated by estimating the dose and comparing the dose to Toxicity Reference Values 

(TRVs) representing acceptable daily doses in mg/kg-day. The TRVs were developed from No 

Observable Adverse Effects Level (NOAELs) and Lowest Observable Adverse Effects Level (LOAELs) 

obtained from wildlife studies, when available. The majority of the TRVs were obtained from the Oak 

Ridge National Lab Toxicological Benchmarks for Wildlife (Sample et al., 1996) and the USEPA 

Ecological Soil Screening Level (Eco SSL) documents but were supplemented with other toxicity 

information when necessary. 

Appendix G presents the TRVs for the mammals and birds that were used in the ERA and the source of 

the TRVs. If a subchronic study was used to develop the TRV, the final value was multiplied by a factor 

of 0.1 to account for uncertainty between subchronic and chronic effects. Also, the LOAEL was multiplied 

by a factor of 0.1 to estimate a NOAEL TRV if only a LOAEL study was available. The Eco SSL 

document provided NOAELs and LOAELs for various studies, but overall mean values were only 

calculated for NOAELs in the chemical-specific Eco SSL documents (see Appendix G). Therefore, the 

data from the chemical-specific Eco SSL documents (USEPA, 2005) were used to calculate overall 

LOAEL values for several metals as the geometric mean of growth and reproduction data. 

7.3 EXPOSURE ESTIMATE 

Benthic invertebrates and fish are exposed to chemicals in surface water and surface sediment through 

direct contact and/or ingestion of contaminated media so surface water and surface sediment 

concentrations detected in Site 1 samples were used as the exposure concentrations. The exposure of 

chemicals for mammals and birds are more complex and need to account for bioaccumulation of 
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chemicals in various food items. Therefore, exposure of terrestrial receptors to the chemicals in surface 

water, surface sediment, invertebrates, and fish were determined by estimating the daily doses in mg/kg- 

day using exposure dose equations. The following equations were used to estimate daily intake for the 

kingfisher: 

Dose(inorgsnics) = 
[(Cs l BAFf l If) -I- (Cs * Is) + (Cw * Iw)] * SUF 

BW 

[(Cs * BSAFf * x) * If) + (Cs * Is) + (Cw * Iw)] * SUF 

Dose(organics) = %TOC 
BW 

The following equations were used to estimate daily intake for the raccoon: 

Dose(inorganics) = 
[(If * CS * BAF f )/2 + (If l CS * BAF i)/2 + (Iw * CW) + (IS * CS)] * SUF 

BW 

Dose(organics) = 
[(If * Cs * BSAFf * * 

0 
)/2 + (If * Cs l BSAFi)/2 + (Iw * Cw) + (Is l Cs)] * SUF 

BW 

Where: 

Dose = 

cs = 

BAFi = 

BAFi = 

BSAFi = 

BSAFi = 

If = 

%L = 

%TOC = 

Is = 

cw = 

Iw = 

SUF = 

daily dose (mg/kg-day) 

Chemical concentration in sediment (mg/kg) 

Sediment-to fish bioaccumulation factor (for inorganics) (unitless) 

Sediment-to invertebrate bioaccumulation factor (for inorganics) (unitless) 

Sediment-to fish bioaccumulation factor (for organics) (unitless) 

Sediment-to invertebrate bioaccumulation factor (for organics) (unitless) 

Ingestion rate of food (kg/day) 

Percent lipids of the fish (assumed to be ~14.2 percent dry weight) 

Percent total organic carbon of the sediment (average measured value) 

Rate of incidental sediment ingestion (kg/day) 

Chemical concentration in water using unfiltered metals data (mg/L) 

Ingestion rate of water (L/day) 

Site use factor (Contaminated area/home area range area ratio [unitless]) 
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-- 

BW = Body weight (kg) 

The following input parameters were used in the dose equation for conservative models: 

l Maximum surface water concentration 

l Maximum sediment concentration 

l Minimum receptor body weight 

l Conservative receptor ingestion rate 

l Site use factor equal to 1 (i.e., receptors spend 100 percent of their time at the site) 

The following input parameters were used in the dose equation for average exposure models: 

l Average surface water and sediment concentration 

l Average receptor body weight 

l Average receptor ingestion rate 

l Site,use factor based on the ratio of the sampled contaminated area to the receptor home ranges. I 

The SERA used sediment-to-invertebrate and sediment-to-fish BAFs and BSAFs to estimate chemical 

concentrations in invertebrates and fish that are used as inputs to the food-chain model for piscivorous 

wildlife (Appendix G). The following sources of BAFs and BSAFs were used in the SERA: 

l Fish BSAFs - PAHs, PCBs, and Pesticides: The Incidence and Severity of Sediment Contamination 

in Surface Waters of the United States, Volume 1: National Sediment Quality Survey (USEPA, 

November 2004). These BSAFs were used to estimate fish concentrations from chemical 

concentrations in sediment. 

l Sediment Invertebrate BSAFs - PCBs and Inorganics: Biota Sediment Accumulation Factors for 

Invertebrates: Review and Recommendations for the Oak Ridge Reservation (Ooak Ridge National 

Lab, August 1988). These BSAFs were used to estimate accumulation from the sediment to benthic 

invertebrates. The 90th percentile sediment-to-invertebrate BSAF was used for the conservative food- 

chain model and the median sediment-to-invertebrate value was used for the less conservative food- 

chain model. 

Chemicals that do not have BAFs or BSAFs were assigned a default value of 1 .O 
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The percent lipid value for fish is assumed to be 14.2 (dry weight). It was assumed that the raccoon’s diet 

is comprised of 50 percent fish and 50 percent invertebrates, and the belted kingfisher’s diet is comprised 

fully (100 percent) of fish. This difference is reflected in the above dose equations. PAHs were not 

included in the kingfisher food-chain model because they are metabolized in fish tissue and do not 

accumulate; however, PAHs were included in the invertebrates portion of the raccoon food-chain model 

because invertebrates may not metabolize PAHs (Eisler, May 1987; USEPA, November 2000). 

Sediment-to-fish BSAFs were used for organic parameters in the belted kingfisher models. However, 

because sediment-to-fish BAFs are not available for inorganic chemicals, sediment-to-invertebrate BAFs 

were used as surrogates. The 90th percentile BAFs and BSAFs were used in the conservative input 

models, and the median BAFs and BSAFs were used in the average input food-chain models. 

The surrogate species exposure assumptions (i.e., ingestion rates and body weights) were obtained from 

the Wildlife Exposure Factors Handbook (USEPA, December 1993). Because sediment concentrations 

are presented on a dry weight basis, the ingestion rates from USEPA (1993) were also converted to a dry 

weight basis for consistentcy. Table 7-3 presents the exposure parameters that were used in the SERA. 

Appendix G presents the values that will be used to calculate the exposure parameters and a discussion 

of how the values were calculated. 

7.4 ECOLOGICAL RISK CHARACTERIZATION 

The risk characterization compares exposure concentrations/doses to ecological effects 

concentrations/doses using an Ecological Effects Quotient (EEQ) approach. It is at this phase that the 

likelihood of adverse effects occurring as a result of exposure to a chemical are evaluated. An EEQ less 

than 1.0 indicates that potential risk to the receptors is low. An EEQ greater than 1.0 does not indicate 

that potential receptors are at risk; it only indicates that the conservative screening values are exceeded 

and the data should be further evaluated. The EEQ is not an expression of probability, and the meaning 

of values greater than 1 .O must be interpreted in light of uncertainties in ecological risk management. 

The EEQs for aquatic receptors were calculated as follows: 

%.w or csd EEQ=p - 
swsv ssv 

Where: EEQ = Ecological effects quotient (unitless) 

C SW = Chemical concentration in surface water (us/L) 
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C sd = Chemical concentration in sediment @g/kg or mg/kg) 

SWSV = Surface water screening value @g/L) 

ssv = Sediment screening value @g/kg or mg/kg) 

The EEQs for the wildlife models were calculated as follows: 

EEQ==$ 

Where: EEQ = Ecological effects quotient (unitless) 

Dose = Daily intake dose (mg/kg-day) 

TRV = Toxicity Reference Value (NOAEL or LOAEL) (mg/kg-day) 

7.5 SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

As the first step in the ecological effects evaluation, COPCs were selected by comparing the chemical 

concentrations in surface water and surface sediment to screening values developed for each medium. 

Chemicals that were not selected as COPCs are assumed to present negligible risk to ecological 

receptors and were not considered for further evaluation in the SERA. Chemicals that were retained as 

COPCs were evaluated further in Step 3a as discussed below. Ecological COPCs were selected using 

the following procedures: 

l Chemicals with EEQs greater than 1 .O (using screening values) were retained as COPCs for further 

evaluation because they have a potential to cause risk to benthic invertebrates, fish, and other 

aquatic organisms. 

l Chemicals with EEQs greater than 1 .O based on the.food-chain model using NOAELs were retained 

as COPCs because they have the potential to cause risk to piscivorous .mammals (raccoons) and 

birds (kingfisfiers). 

. Calcium, magnesium, potassium, and sodium were not retained as COPCs because they are 

essential nutrients that can be tolerated by living systems even at high concentrations. No evidence 

indicates that these chemicals are related to site operations, and they are not considered hazardous 

chemicals. 
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If a chemical was not detected at the reporting limit in any sample in a particular medium, but the 

reporting limit exceeded the screening level, the chemical was not quantitatively carried through the risk 

assessment as a COPC. If a chemical was detected in at least one sample at a concentration greater 

than the reporting limit, one-half of the reporting limit was substituted for the non-detect value for 

calculating summary statistics (e.g., mean concentrations). 

7.5.1 Risks to Aquatic Organisms 

7.5.1 .l Sediment 

Twenty-two SVOCs, eight organochlorine pesticides, eight dioxins/furans and 20 inorganics were 

detected in the surface sediment samples from the Skokie Ditch (Table 7-4 ). Sixteen SVOCs 

(acenaphthene, 2-methylnaphthalene, acenaphthalene, anthracene, benzo[a]anthracene, BaP, 

benzo[b]fluoranthene, benzo[g,h,i]perylene, carbazole, chrysene, dibenzo[a,h]anthracene, fluoranthene, 

fluorine, naphthalene, phenanthrene, and pyrene) were retained as COPCs for aquatic organisms 

because their concentrations were greater than their respective ecological screening levels. Of those 

sixteen, all but 2-methylnaphthalene;carbazole, and naphthalene were retained for food-chain modeling. 

Additionally, two SVOCs (benzo[k]fluoranthene and indeno[l,2,3-cdlpyrene) were retained as COPCs for 

food-chain modeling only. Also, total PAHs (calculated by summing only positive detections) were 

retained as COPCs because the maximum concentration was greater than the screening level. Note that 

total PAHs were not retained for food chain modeling because food chain modeling was conducted for the 

individual PAHs. 

Six of the eight organochlorine pesticides (4,4’-DDD, 4,4’-DDE, 4,4’-DDT, alpha-chlordane, endosulfan II, 

and gamma-chlordane) were retained as COPCs for aquatic organisms and were retained for food-chain 

modeling. Additionally, dieldrin and endrin were retained for food-chain modeling only. The seven 

detected dioxins/furans (1,2,3,4,6,7,8,9-OCDD, 1,2,3,4,6,7,8,9-OCDF, 1,2,3,4,6,7,8-HPCDD, 

1,2,3,4,6,7,8-HPCDF, 1,2,3,6,7,8-HXCDD, 1,2,3,7,8,9-HXCDD, and 2,3,7,8-TCDD) and seven total 

dioxins/furans were retained as COPCs for aquatic organisms because they did not have screening 

levels. 2,3,7,8-TCDD and the toxicity equivalent dose (TEQ) fish value were retained as COPCs because 

their maximum detected concentrations exceeded their screening levels. Although the dioxin/furan 

compounds are considered bioaccumulative, only the toxicity equivalent dose (TEQ) bird and mammal 

values are retained for food chain modeling. The concentrations of the individual dioxins are incorporated 

into the TEQ calculations, so it is not necessary to conduct food chain modeling on the individual 

dioxin/furan compounds. 
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Eight inorganics (antimony, arsenic, copper, iron, lead, manganese, mercury, and zinc) were retained as 

COPCs for aquatic organisms because detected concentrations exceeded sediment screening values. 

Of those, five (arsenic, copper, lead, mercury, and zinc) were also retained for food-chain modeling. 

Barium, selenium, thallium, vanadium were retained because they do not have sediment screening 

values and selenium was also retained for food-chain modeling. Two additional inorganics (chromium 

and nickel) were retained for food-chain modeling because they are considered bioaccumulative. 

7.5.1.2 Surface Water 

Three VOCs, nine SVOCs, one dioxin/furan and 17 inorganics were detected in surface water samples at 

Site 1 (Table 7-5 ). None of the detected VOCs were retained as COPCs for aquatic organisms or food- 

chain modeling. Two SVOCs (BaP and pyrene) were retained as COPCs because detected 

concentrations exceeded their surface water screening values. Four SVOCS (benzo[b]fluoranthene, 

benzo[g,h,i]perylene, chrysene, and indeno[l,2,3-cd]pyre,ne) were retained as COPCs because they do 

not have surface water screening values. The aforementioned SVOCs, as well as fluoranthene, fluorine, 

and phenanthrene (which had concentrations less than their surface water screening values) were 

retained for food-chain modeling. One dioxin/furan, 1,2,3,4,6,7,8,9-OCDD, and TEQ fish were retained 

as COPCs for aquatic organisms. Although 1,2,3,4,6,7,8,9-OCDD is considered bioaccumulative, only 

the TEQ bird and mammal values are retained for food chain modeling. The concentration of 

1,2,3,4,6,7,8,9-OCDD is incorporated into the TEQ calculations. One inorganic, aluminum, was retained 

as a COPC for aquatic organism because detected concentrations exceeded the surface water screening 

value. Additionally, six inorganics (chromium, copper, lead, mercury, nickel, and zinc) were retained as 

COPCs for food-chain modeling. 

7.5.2 Risks to Terrestrial Wildlife 

Table 7-6 presents a summary of the detected chemicals selected as COPCs for food-chain modeling 

and their calculated NOAEL and LOAEL EEQs based on maximum inputs (see Section 7.3) in the 

terrestrial wildlife food-chain models. Chemicals were retained as COPCs if their calculated NOAEL EEQ 

values exceeded 1 .O. 
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Three inorganics (copper, mercury, and nickel) were retained as COPCs for risks to piscivorous mammals 

in the conservative exposure scenario (see Table 7-6). Additionally, six inorganics (copper, lead, 

mercury, nickel, selenium, and zinc) were retained as COPCs for risks to piscivorous birds in the 

conservative exposure scenario (see Table 7-7). 

7.6 STEP 3A - REFINEMENT OF COPCs 

Step 3a consists of a refinement of the conservative exposure assumptions/concentrations to evaluate 

the potential risks to ecological receptors (i.e., invertebrates and wildlife receptors). The objective of the 

Step 3a refinement is to better define those chemicals that contribute to potentially unacceptable levels of 

ecological risk, and to identify and eliminate from further consideration those COPCs that are retained 

because of the use of very conservative exposure scenarios. The Step 3a evaluation is designed to 

eliminate chemicals from further evaluation for certain groups of receptors. For example, a chemical may 

not be retained as a COPC in sediment based on risks to sediment invertebrates but may be retained 

based on risks to wildlife. This evaluation also includes (but is not necessarily limited to) a consideration 

of the following topics: 

l Magnitude of criterion exceedance: Although risks may not relate directly to the magnitude of a 

criterion exceedance, the magnitude may be one factor used in a weight-of-evidence approach to 

determine the need for further site evaluation. 

. Frequency of chemical detection: A chemical that was detected at a low frequency typically was of 

less concern than a chemical detected at a high frequency provided that toxicities and concentrations 

of the chemicals are similar. All else being equal, chemicals detected frequently were given greater 

consideration than those detected relatively infrequently. 

l Chemical bioavailability: Many chemicals (especially metals) are present in the environment in forms 

that are typically not bioavailable, and limited bioavailability was considered when evaluating the 

exposures of receptors to site chemicals. 

. Habitat: Although exceedences of criteria may occur, potential risks to ecological receptors may be 

minimal if there is little habitat for those receptors. Therefore, the extent of habitat was used 

qualitatively when considering the site for additional evaluation. 
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l Alternate Benchmarks: Less conservative values based on toxicity data were used to re-evaluate the 

chemicals that were retained as COPCs to determine whether detected concentrations exceed the 

higher effects levels (i.e., severe effect levels and probable effect levels). 

l Less Conservative Food-Chain Models: The exposure doses from the terrestrial food-chain models 

were recalculated using less conservative exposure assumptions (e.g., average ingestion rates, body 

weights and chemical concentrations). The doses were then compared to NOAELs and LOAELs in 

this step to further refine probable/improbable risks to ecological receptors. 

In addition, Illinois sediment background values (see Table 7-2) were used in Step 3a to further evaluate 

sediment data. 

7.6.1 Risks to Aquatic Receptors 

7.6.1 .l Surface Sediment 

svocs - 

Sixteen SVOCs (see Table 7-4) were retained as COPCs because maximum concentrations exceeded 

sediment screening values. No SVOCs were retained as COPCs for aquatic biota because maximum or 

average values were below calculated site specific or state-wide Illinois EPA (2000) Tier 2 sediment 

screening concentrations (see Table 7-7). Site specific Tier 2 sediment screening concentrations were 

calculated using the following equation. Illinois EPA water quality criteria (when available) or final chronic 

values from USEPA (2003) were used as the water quality criteria as shown in Table 7-7: 

SSC = WQC x Koc,x foe 

Where: SSC = sediment screening concentration (mg/kg) 

WQC = water quality criterion (mg/L) 

Koc= organic carbon partition coefficient (l/kg), and 

foe = fraction organic carbon measured in sediment (unitless) (average site percent TOC) 

Pesticides 

Three pesticides, 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT, were retained as COPCs because the maximum 

concentrations exceeded associated sediment screening values. The maximum detected 4,4’-DDD 
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concentration at 17 pg/kg in sample NTCOlSD0200 is less than the probable effects concentration 

(MacDonald, 2000) of 28 ug/kg. The maximum detected 4,4’-DDE concentration at 32 ug/kg in sample 

NTCOlSD0400 was only slightly above the probable effects concentration (MacDonald, 2000) (31.3 

pg/kg) and the average concentration (19 ug/kg) was well below this concentration. The maximum 

detected 4,4’-DDT concentration at 7.4 pg/kg in sample NTCOlSD0400 is much less than the probable 

effects concentration (MacDonald, 2000) of 63 ug/kg. For these reasons, risks to benthic invertebrates 

from 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT are not expected, and these pesticides are not retained further as 

COPCs for aquatic biota. 

Three pesticides, alpha-chlordane, gamma-chlordane, and endosulfan II, were retained as COPCs 

because their maximum concentrations exceeded sediment screening values. However, the maximum 

detected concentrations of alpha-chlordane (5.5 ug/kg) and gamma-chlordane in sample NTCOlSD0200 

were less than the probable effects concentration (MacDonald, 2000) value of 18 ug/kg for chlordane. 

Furthermore, the sum of both maximum concentrations of the chlordanes (8.4 ug/kg) does not exceed 

this probable effects concentration (MacDonald, 2000) for chlordane. Endosulfan II was detected with a 

maximum concentration of 4.8 ug/kg in sample NTCOlSD0400. This is less than the EcoTox Threshold 

of 14 ug/kg (USEPA, January 1996). For these reasons, alpha-chlordane, gamma-chlordane, and 

endosulfan II are not expected to impact benthic invertebrates and are not retained as COPCs. 

Dioxins/Furans 

The concentrations of the eight dioxins/furans retained as COPCs were standardized to 2,3,7,8-TCDD 

toxic equivalent quotients (TEQs) (fish) using the toxic equivalent factor guidelines proposed by the World 

Health Organization (Van den Berg et al., 1998). The maximum fish TEQ (1.6 ng/kg) in sample 

NTCOlSD0200 was significantly less than the probable apparent effects threshold value of 7.2 for 

2,3,7,8-TCDD (Cubbage et al., 1997), which is the only threshold value available. For this reason, 

dioxins/furans are not expected to have adverse effects on aquatic biota and were not retained further as 

COPCS. 

Metals 

Antimony was retained as a COPC because the maximum detected concentration (2.1 mg/kg) in samples 

NTCOlSD0200 and NTCOlSD0400 exceeded the sediment screening value of 2 mg/kg. The maximum 

value is only slightly greater than the sediment screening value and the Illinois EPA background 

concentration (2 mg/kg). Therefore, antimony concentrations are not site-related and are not likely to 

impact benthic invertebrates. Additionally, the maximum concentration is less than the lowest apparent 
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effects threshold of 3 mg/kg (Cubbage et al., 1997). For these reasons, antimony is not retained as a 

COPC for aquatic biota. 

Arsenic was retained as a COPC because the maximum detected concentration (10.1 mg/kg) in the 

duplicate of sample NTCOlSD0400 slightly exceeded the sediment screening value of 9.79 mg/kg. The 

maximum value was less than the probable effects concentration (33 mg/kg) (MacDonald, 2000). The 

average concentration (6.2 mg/kg) was less than the Illinois EPA background concentration (8 mg/kg). 

Therefore, arsenic concentrations are not site-related. For these reasons, arsenic was not retained as a 

COPC for aquatic biota. 

Barium was retained as a COPC because no screening level is available for comparison. The maximum 

concentration (101 mg/kg) in the duplicate of sample NTCOlSD0400 is less than the Illinois EPA 

background (1997) value for barium (145 mg/kg). Therefore, barium concentrations are not site-related 

and are not likely to impact benthic invertebrates. For this reason barium, was not further retained as a 

COPC for aquatic biota. 

Copper was retained as a COPC because the maximum detected concentration (71.3 mg/kg) in the 

duplicate of sample NTCOlSD0400 exceeded the sediment screening value of 31.6 mg/kg. The 

maximum value is less than the probable effects concentration (MacDonald, 2000) of 149 mg/kg. For this 

reason, copper is not expected to pose a threat to aquatic biota and is not retained further as a COPC. 

Iron was retained as a COPC because the maximum concentration (28,500 mg/kg) in the duplicate 

sample of NTCOlSD0400 exceeded the sediment screening value of 20,000 mg/kg. The average 

concentration (17,200 mg/kg) is less than the Illinois EPA background value (18,000 mg/kg). Therefore, 

iron concentrations are not site-related. For this reason, iron is not expected to pose a threat to aquatic 

biota and is not retained as a COPC. 

Lead was retained as a COPC because the maximum concentration (54 mg/kg) in sample 

NTCOlSD0300 exceeded the sediment screening value of 35.8 mg/kg. The maximum value is less than 

the probable effects concentration (MacDonald, 2000) of 128 mg/kg. Furthermore, the average 

concentration (40.4 mg/kg) is only slightly greater than the sediment screening value of 35.8 mg/kg, but 

lead did not exceed the sediment screening value in the most downstream sample. For these reasons, 

lead is not expected to pose a threat to aquatic biota and was not retained further as a COPC. 

Manganese was retained as a COPC because the maximum concentration (1,200 mg/kg) in the duplicate 

of sample NTCOlSD0400 exceeded the sediment screening value of 460 mg/kg. This maximum 

concentration is less than the Illinois EPA (1997) background concentration of 1,300 mg/kg. Therefore, 
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manganese concentrations are not site-related. For this reason, manganese is not retained further as a 

COPC for aquatic biota. 

Mercury was retained as a COPC because the maximum concentration (0.3 mg/kg) in sample 

NTCOl SD0200 exceeded the sediment screening value of 0.18 mg/kg. The maximum value is less than 

the probable effects concentration (MacDonald, 2000) value of 1.06 mg/kg. Furthermore, the average 

concentration (0.16 mg/kg) is less than the conservative sediment screening value (MacDonald, 2000) 

threshold effects concentration of 0.18 mg/kg. For these reasons, mercury was not retained as a COPC 

for aquatic biota. 

Selenium, thallium, and vanadium with respective maximum concentrations of 2.5 mg/kg, 0.63 mg/kg and 

31 mg/kg were initially retained as COPCs because no sediment screening values are available and were 

evaluated quantitatively. However, because of the lack of alternate benchmarks, these chemicals cannot 

be evaluated further and were not retained further as COPCs for aquatic biota. 

Zinc was retained as a COPC because the maximum concentration (400 mg/kg) in sample 

NTCOl SD0500 exceeded the sediment screening value of 121 mg/kg. The maximum value is less than 

the probable effects concentration (MacDonald, 2000) of 459 mg/kg. Concentrations of zinc appears to 

decrease in a downstream direction from the maximum concentration (Figure 4-6). For these reasons, 

zinc is not retained further as a COPC for aquatic biota. 

In summary no SVOCs, pesticides, dioxins/furans, or inorganics were retained as COPCs for aquatic 

biota in Skokie Ditch at Site 1. 

7.6.1.2 Surface Water 

svocs 

Several PAHs were retained as COPCs because either no surface water screening value is available or 

the concentration exceeded the surface water screening value. When compared to USEPA (2003) PAH- 

specific final chronic values, no PAHs were further retained as COPCs for aquatic biota from surface 

water because the values were less than this criteria (see Table 7-8). 

Dioxins/Furans 

One dioxin (1,2,3,4,6,7,8,9-OCDD) was retained as a COPC because a screening level was not available. 

The maximum concentration was 130 pg/L. This value was converted to a 2,3,7,8-TCDD dioxin TEQ for 

fish value of 0.013 pg/L using the World Health Organization (Van den Berg et al., 1998) toxic equivalent 
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factor for 1,2,3,4,6,7,8,9-OCDD. This value is significantly less than the USEPA (1993) Interim Report on 

Data and Methods for Assessment of 2,3,7,8-TCDD Risks to Aquatic Life and Associated Wildlife low-risk 

water concentration of 0.6 pg/L (assuming the conservative particulate organic carbon concentration in 

water value of 0.2). Therefore, risks from dioxins/furans are expected to be low and dioxins/furans were 

not retained further as COPCs for aquatic biota. 

Metals 

Aluminum was retained as a COPC for surface water because the maximum concentration (407 ug/L) 

exceeded the surface water screening value of 87 pg/L. The maximum value is less than the Oak Ridge 

National Lab (1996) lowest chronic value of 430 ug/L, which is based on protection of aquatic life 

including plants. Additionally, the surface water samples were not filtered. Concentrations in non-filtered 

samples are considered less bioavailable. Therefore risks associated with aluminum in surface water to 

aquatic biota would be minimal, and aluminum is not retained further as a COPC. 

7.6.2 Risks to Terrestrial Wildlife 

Appendix G presents EEQs calculated using the terrestrial wildlife model NOAELs and LOAELs and 

based on average input parameters for the belted kingfisher and raccoon. The average concentrations 

detected in surface water and sediment samples were used for the average food-chain model. Metals 

data for average input calculations were based on unfiltered sample results. 

Table 7-9 presents a summary of chemicals retained as COPCs and their calculated NOAEL and LOAEL 

EEQs based on average inputs (see Section 7.3) in the terrestrial food chain models. 

Three inorganics (copper, mercury and nickel) were retained as COPCs for risks to piscivorous mammals 

in the conservative exposure scenario (see Table 7-6). Additionally, six inorganics (copper, lead, 

mercury, nickel, selenium, and zinc) were retained as COPCs for risks to piscivorous birds in the 

conservative exposure scenario (see Table 7-6). When re-evaluating these chemicals with average input 

values in the food-chain models (see Table 7-9), no EEQs were greater than 1 .O for the raccoon model, 

and only three inorganics (copper, mercury and zinc) had EEQs greater than 1 .O for the kingfisher. The 

average exposure scenario assumed that the kingfisher would receive all of its food from Skokie Ditch, 

which is highly unlikely. The ditch does not support large enough quantities of fish to sustain the daily 

diet of the kingfisher due to lack of suitable habitat; therefore; a kingfisher could not feed on this segment 

of Skokie Ditch alone located in Site 1. Also, the average home range of the kingfisher is 1 .16 kilometer 

or 3,800 feet and the length of the measured area of contamination is only 1,400 feet. Therefore, a site 

use factor of 0.37 was used to recalculate risks based on the area of contamination versus the 

-.. 
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kingfisher’s home range. When the site use factor is applied to the average food-chain model scenario 

only the zinc NOAEL EEQ is greater than 1 .O (1.507). This is only slightly greater than 1 .O, the LOAEL 

HQ is much less than 1 .O (0.1668). Based on the lack of aquatic organisms in the ditch, as stated above, 

it is highly unlikely that a kingfisher would obtain 37 percent of its food from the ditch. Therefore, it is 

highly unlikely that zinc would pose a risk to piscivorous birds. For these reasons, no COPCs were 

further retained for risks to piscivorous mammals or birds from Skokie Ditch at Site 1. 

7.7 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

This section presents some of the uncertainties associated with the ERA. 

7.7.1 Measurement and Assessment Endpoints 

Measurement endpoints are used to evaluate the assessment endpoints that are selected for the SERA. 

For this SERA, the measurement endpoints are not the same as the assessment endpoints. Therefore, 

the measures were used to predict effects to the assessment endpoints by selecting surrogate species 

that were evaluated. 

Several endpoints were not quantitatively evaluated in this SERA. For example, risks to reptiles and 

amphibians were not quantitatively evaluated because exposure factors are not established for most 

species and because toxicity data are very limited. 

7.7.2 Exposure Characterization 

The contaminant dose to terrestrial wildlife is calculated using an equation that incorporates ingestion rates, 

body weights, BAFs, and other exposure factors. These exposure factors were obtained from literature 

studies or predicted using various equations. Ingestion rates and body weights vary between species, 

especially between species inhabiting different areas. 

Bioaccumulation of contaminants into various biological media (i.e., fish and invertebrates) depends on 

characteristics of the media such as pH, organic carbon, etc. Therefore, actual BAFs and BSAFs at the site 

may be different than those used in the SERA that were obtained from literature sources. Also, 

bioavailability of chemicals is not considered in this SERA. The chemicals are assumed to be 100 percent 

bioavailable at the detected concentrations, which is unlikely for contaminants in the environment. 

There is uncertainty in the chemical data collected at the site. Measured concentrations of chemicals are 

only estimates of the true site chemical concentrations. For samples that are deliberately biased toward 
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known or suspected high concentrations (i.e., collecting samples in depositional areas), predicted doses to 

receptors may be higher than actual doses. This is because it is not likely that the receptor will feed only in 

contaminated areas. 

Under the conservative exposure scenario, terrestrial wildlife were assumed to live and feed only at the site. 

These assumptions tended to over-predict risk because it is unlikely that most receptors obtain their food 

from within the .site boundaries. Less conservative exposure assumptions were used in the Step 3a 

refinement to calculate and refine exposure estimates for potential ecological receptors. An average dose 

was calculated for chemicals that were retained as COPCs. There is also uncertainty in the calculation of 

the dose based on a site use factor. This value may over or under estimate the potential exposure from 

food sources. 

7.7.3 Ecoloqical Effects Data 

There is uncertainty in the ecological toxicity value comparisons. The WQCs developed by USEPA in 

theory protect 95 percent of exposed species. Therefore, some sensitive species present at the site may 

not be protected by the use of these criteria. With the exceptjon of hardness for a few metals, the surface 

water screening values do not account for site-specific factors such as TOC or pH that may affect toxicity. 

There may also be situations where the screening levels are over-predictive of risk if the sensitive species 

used to develop the criteria do not inhabit the site. Additional uncertainty exists in the benchmarks used 

for the screening process. For example, four inorganic chemicals (arsenic, copper, manganese, and 

silver) have sediment screening values less than Illinois EPA (1997) background concentrations. The 

sediment screening values for these chemicals are overly conservative, and risks for these chemicals 

were possibly over predicted. 

The toxicity of chemical mixtures is not well understood. The toxicity information used in the SERA for 

evaluating risk to the ecological receptors is for individual chemicals. Chemical mixtures can affect 

organisms very differently than individual chemicals because of synergistic or antagonistic effects. 

Finally, toxicological data for some of the contaminants may not exist. Therefore, there is uncertainty in 

the conclusions involving the potential impacts to ecological receptors from these constituents. 

7.7.4 Risk Characterization 

Risks are projected if an EEQ is greater than or equal to unity (1 .O) regardless of the magnitude of the EEQ. 

Although the relationship between the magnitude of an EEQ and toxicity is not necessarily linear, the 
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magnitude of an EEQ can be used as rough approximation of the extent of potential risks, especially if there 

is sufficient confidence in the guideline used. Finally, there is uncertainty in how the predicted risks to 

individuals at the site translate into risk to the population in the area as a whole. 

7.8 SUMMARY AND CONCLUSIONS 

Several chemicals detected in surface water and/or surface sediment were initially retained as COPCs 

because their chemical concentrations exceeded screening levels or because they were bioaccumulative 

chemicals with EEQs greater than 1 .O based on the conservative exposure scenarios. These chemicals 

were then re-evaluated in Step 3a of this SERA to determine which chemicals had the greatest potential 

for causing risks to ecological receptors and therefore should be retained as COPCs for further 

discussion/evaluation. The two primary ecological endpoints evaluated in this SERA were aquatic 

organisms (i.e., fish and invertebrates) and mammals and birds that consume invertebrates and/or fish. 

Therefore, different lists of chemicals were retained as COPCs for these different endpoints. 

None of the initially selected COPCs for surface sediment or surface water were retained as COPCs for 

aquatic biota. None of the initially selected COPCs for piscivorous mammals or birds were retained as 

COPCs for further evaluation. Therefore, because contaminant concentrations are low and because of 

the lack of suitable ecological habitat, fish and aquatic organisms, the overall risk to ecological receptors 

is small from contaminants in the Skokie Ditch. 
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TABLE 7-l 

SEDIMENT ECOLOGICAL SCREENING LEVELS 
SITE 1 -GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINIOS 

PAGE 2 OF 2 

Anal@ 
DIOXINS/FURANS (ng/kg) 
1,2,3,4.6.7,9,9-OCDF 

Region 5 

Screening Illinois EPA Background Illinois EPA (September, 2000) MacDonald, 2000 EcoTor (USEPA, OMOE, 1993 ORNL (1997) USEPA, 1996 (2003) 

Value (Illinois EPA, 1997)(l) Tier1 1 Tier 2 TEC 1 PEC - January 1996)I”) LEL 1 SEL1”’ SCV”” 1 TEC 1 PEC ( NEC ESL’” 

(mgJkg) (rnglkg) (Wkg) 1 (MW (mg/kg) (mg/kg) (mgkg) (mgkd (mg/W (mg/kg) (mglkg) (mg/kg) 

I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 
TOTAL TCDD 

I I 
I I I I 

IEPA (llllno~s Environmental Protection Agency), 1997. Evaluation of lll~no~s Swed Stream Sediment Data, 1962.1995. Bureau of Water. IEPAiBOW/97-016. August, 
IEPA (Illinois Environmental Protection Agency), 2000. Tiered Approach for Evaluation and Aemediation of Petroleum Product Releases lo Sediments. Draft, Update 2. Office of Chemical Safely. Seplember 21. 
MacDonald. D.D., C.G. Ingersoll. and T.A. Berger. 2000. “Development and Evaluation 01 Consensus-Based Sediment Qualify Guidelines for Freshwater Ecosystems.” Archwes of Environmental Contamination and Toxicology, Vol. 39, pp. 20.31, 
EcoTox USEPA, 1996. EC0 Update, Ecotox Thresholds. U.S. Environmental Protection Agency. Office of Solid Waste and Emergency Response. Intermittent BulletIn. Volume 3, Number 2. EPA540/F-951036. January. 
OMOE, 1993. Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario. Ontarla MInisby of Environment and Energy. August. 
ORNL (1997)Toxtcologlcal Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision. Oak Ridge national Lab. ES/ER/SM-95/R4. 
USEPA. 1996. Calculation and Evaluation of Sediment Effect Concentrations for the Amphlpod Hyallela azeteca and the Midge Chironomus nparius. Great Lakes National Program OffIce, Chicago, IL. USEPA 905R96-00.9. 
USEPA, 2003. Ecological Screening Levels. USEPA Region 5 (hftp://www.epa.gov/reg5rcra/ca/edql.htm), August. 

1 lllmo~s EPA Background values for unsieved data 
2 lllinols EPA Background values for sieved data 
3 -Calculated “sing Illinois EPA unpublished derived waterqualily criteria (Illincas EPA, 2002) 
4. Total Methylnaphthalenes 
5 Value is provisional; insufflcient tox!cological data available to fully develop criteria pursuant to Illinois EPA document 35 IAC 302.Subpan F 
6 Chlordane value 
7 Endrin value used lo creafe surrogale 
6 Endosulfan. mlxed isomers 
9. USEPA L.SOG (USEPA, September 1993a,b) 
10 Values assume 1% organic carbon 
11 The Region 5 ESLs are only presented for chemicals that do not have screening levels lrom any of the other sources lied on this table. 



TABLE 7-2 

SURFACE WATER ECOLOGICAL SCREENING LEVELS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINIOS 

PAGE 1 OF 1 

DIOXINS/FURANS (pg/L) 
11,2,3,4.6,7.6,9-OCDD I I I I I I I I I I I I I I I I 1 

1 . [EPA, 2006 Title 35: Environmental Protection Subtitle C: Water Pollution Chapter I, Pollution Control Board Part 302 Water Quality Standards. Effective March 2006. 
3 _ ,EPA 2006 Derived Water ~“aljt~ Criteria pursuant to 35 It/, Adm. Code 302, Subpart F. http://www.epa.state il.uslwater/water-qual~t~standards/water-quality-cr~ter~a.hlml. Downloaded August 2006. 

3 - USEPA 2006 NatKmai Recomm&ded Water Quality Criteria: 2006. Office of Water. 
4. Suter, &W 11 and C L. Tsao. 1996. Toxicological Benchmarks for Screening Potential Constituents of Concern for Effects on Aquatlc Blota: Rewon. Environmental Sciences Division, Oak Ridge NatIonal Laboratory. ES 

5. USEPA. 2005 Region 3 Freshwater Surface Water Screening Benchmarks. October. http://www.epa.gov/reg3hwmd/rlsk/eco/blag/sbv/fw/screenbench.htmC 
6. Values were not calculated according to the regulations due to limited data; these values should only be used for advisory purposes such as establishng “reasonable potential’ 
7. Cnteria derived from calculated hardness (210 mg/L) and the dissolved value for cadmium, chromium Ill. copper. lead, nickel. and zinc (USEPA, 2001). 
6 -The chronic value is used as the benchmark to protect aquatic Ilfe. 



TABLE 7-3 

EXPOSURE PARAMETERS FOR TEST SPECIES AND SURROGATE WILDLIFE SPECIES 
SITE 1 GOLF COURSE LANDFILL 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 





TABLE 7-4 

ECOLOGICAL COPC SELECTION TABLE - SURFACE SEDIMENT 
SITE 1. GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 2 OF 2 

NTCOlSD0200. 
NTCOl SD0400-D 

3/3 95 160 150 150 NTCOlSD0200 NV 
TOTAL HXCDD 313 41 73 59 59 NTCOI SD0400 NV 
TOTAL HXCDF 313 18 50 35 35 NTCOI SD0400 NV 
TOTAL PECDF 313 5 15 10 10 NTCOl SD0200 NV NV No NA 
TOTAL TCDD 3/3 1.2 4.3 2.4 2.4 NTCOI SD01 00 NV NV No NA 
TOTAL TCDF 313 16 77 53 53 NTCOi SD0200 NV NV NO NA 
Metals @@kg) 
ALUMINUM 5/5 1180 11600 c9cn I CI)Cn 1 r,7rn*rnnrnn n , annnn 

“LlYY , “OD” , !S Ic.“IaY”4”“-” , JO”JV 
1 fin,, , 1 .I,7 1 LIT\LIPIn t 

ANTIMONY 415 0.45 J 1.3 
NTCOiSD0200, 

2.1 J 
1.1 

I ( hlTPn,Cnn”“n I,I”“,UUY~“Y , 
ARSENIC 515 2.1 10.1 6.2 6.2 1 NTCOlSD0400.D 1 9.79 
C)ADII 11” CIC .A. .-.̂  
Y-8 ,,Ul”l 

CALCIUM 
CHROMIUM 

MERCURY I 415 1 0.056 J 1 0.3 JI 0.16 I 
NICKFI I q,c. I CF I 1Dd I 177 I 

29.3 
_____ 

16.9 

COBALT 2.2 1 12.6 I 7.5 I 
COPPER 515 1 34.3 1 71.3 “D n 

ON c194” I l)n=.nn I 
_ I - - -  

54 
67100 
1200 

7U.V 

17200 
40 4 

36400 
575 

, , . . . .- 
1 NTCOlSD0400.D 1 43.4 1 0.66 1 NO 1 BSL 

NTCOlSD0400.D 
17200 NTCOI SD0400.D 
40.4 NTCOl SD0300 

NTC?“, snnr;nn 

I 
LM.7 

1760 
75 

11.1 

1020 
1.6 
en.. E 

u.0 , IYIbU13Y”9”” , IV ” NV 
16.4 1 NTCOlSD0400-D 1 NV NV 

-. ._ , “,- , ,“., , 7”” 4 L”Il , 265 1 NTCOlSD0500 [ 121 3.3 
Miscellaneous Paramatrr~ rmdkd 

VVVlYlll , .llJ , I >“I , NV 
THALLIUM 1 l/5 1 0.63 1 0.63 1 0.63 1 A.,. I r,srn.rnn,nn I .,%, 

VANADIUM I 515 1 4.9 1 31 I 16.4 1 
71NC I 9/F. I 1&R I “r,” ICC I 

k- ITAL ORGANIC CARBON I 515 I 2200 ] 54300 1 27246 1 27246 1 NTCOiSD0200 1 NV I NV I NA I NA [ NA I NA I 

The original and field duplicate Samples were counted as one sample for frequencies of detection, but were counted as separate samples when determining m~mmum and maximum detected concentrations. 
1 -The average concentrations were calculated by using one-half the detection I8mit for non-detects. 
2 Chemicals retained as COP0 are further evaluated in the Step 3a evaluation. 
3 - Rationale for COPC selection/deletion: 
4. The dioxin value is based on food-chain impacts from 2,3,7&TCDD and not drect toxicity 

ASL = Above Screening Level 
BSL = Below Screemng Level 
NSL = No Screening Level 
610 = Bioaccumuiative chemical 
NON610 = Nan-Bioaccumulative chemtcai 
NUT = Nutrtent 

J =The value is consldered a quantliatlve estimate because It was less than the reporting limit or another technical noncompliance 
NA - Not applicable. 
NV - NO value or value not available 
Assoctated Samples: 
NTCOlSDOlOO NTCOI SD0400 
NTCOlSD0200 NTCOlSD0400-D 
NTCOlSD0300 NTCOlSD0500 
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TABLE 7-6 
TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE EXPOSURE FACTORS SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 1 OF 2 

Raccoon Raccoon 
NOAEL LOAEL 

Kingfisher 
NOAEL 

Kingfisher 
LOAEL 



TABLE 7-6 
TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE EXPOSURE FACTORS SITE I- GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 
PAGE 2 OF 2 

-. . ~- 
Parameter 

Raccoon Raccoon 
NOAEL LOAEL 

HQ HQ 

Kingfisher 
NOAEL 

HQ 

Kingfisher 
LOAEL 

HQ 
DiOXlnS/FUrSnS 

2,3,7,8-TCDD 
TEQ MAMMAL 
TEQ BIRD 

2.35E-02 2.35E-03 1.39E-03 1.39E-04 
1.95E-01 1.95E-02 NA NA 

NA NA 1.28E-02 1.28E-03 
Metals 

Shaded cells indicate HQ > 1 .O 
NA = Not applicable; not a COPC for that receptor 



TABLE 7-7 

ILLINOIS EPA TIER 2 SEDIMENT SCREENING CONCENTRATIONS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Parameter 
SVOCdPAHn 

IEPA Site Specific 

Maximum Average Tier 2 IEPATier 2 

Detected of All ssc ssc 

Concentration Results(‘) @g/kg)(*) b.@d3’ WQC K0C(4) (5) 
f oc 

1700 1 1200 1 1600 NV NV 398000 0.0272 
I 

I 1 1 
2000 I 1400 I 2500 NV NV 1 1020000 1 0.0272 

280 J 190 260 NV NV 3800000 0.0272 
6000 3800 9920 NV NV 107000 0.0272 

260 J 140 640 NV NV 13800 0.0272 
I 

FLUORENE 

NAPHTHALENE 660 J 480 2100 3705 68 @’ 2000 0.027246 

PHENANTHRENE 3100 1500 2880 2671 3.7 @’ . 26500 0.027246 
.-s\,w-. IF ,..I I 

46 lrvntlut 4300 1 2700 1 2200 28923 1 10.11 “’ 1 105000 1 0.0272 

1 - The average concentrations were calculated by using one-half the detection limit for non-detects. 
2 - Values taken from Illinois EPA (2000). Tiered Approach for Evaluation and Remediation of Petroleum Product Releases to Sediments. 
3 - Values calculated using equation in IEPA (2000): SSC = WQC x Koc x foe 
4 - Koc values from Illinois EPA (2000). Tiered Approach for Evaluation and Remediation of Petroleum Product Releases to Sediments when 
given; otherwise values are from USEPA 2002, “Supplemental Guidance for Developing Soil Screening Levels for Super-fund Sites” App. C. 
5 - Average site %TOC 
6 - Values from IEPA (2006). Derived Water Quality Criteria. http://www.epa.state.il.us/water/water-quality-standards/water-quality-criteria.html 
7 - Values are Final Chronic Values (FCVs) for pore water from USEPA (U.S. Environmental Protection Agency). 2003. Procedures for the 
Derivation of Equilibrium Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic Organisms: PAH Mixtures. EPA/600/R-02/013. 
November. 

NV = No Value Available 
SSC = sediment screening concentration @g/kg) 
WQC = Water Quality Criteria @g/L) 
Koc = organic carbon partition coefficient (Ukg) 

foe = fraction organic carbon measured in the sediment (unitless) 



TABLE 7-8 

SURFACE WATER PAH FINAL CHRONIC VALUES 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Parameter 
Polynuclear Aromatic Hydrocarbons 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(G,H,I)PERYLENE 
CHRYSENE 
INDENO( 1,2,3-CD)PYRENE 
PYRENE 

Ecological Final Chronic 

Maximum Detected Average of All Screening Level Value 

Concentration Results (‘) Average of (EW (FCV)‘*’ 

hJ#-) h-Kw Detections WL) bJw 

0.039 J 0.06 0.04 0.014 0.9573 
0.065 J 0.07 0.06 NV 0.6674 
0.065 J 0.06 0.06 NV 0.4391 
0.041 J 0.05 0.04 NV 2.042 
0.056 J 0.04 0.04 NV 0.275 
0.084 J 0.07 0.07 0.025 10.11 

1 - The average concentrations were calculated by using one-half the detection limit for non-detects. 
2 - Values from USEPA (2003). Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks (ESBs) for the Protection of 
Benthic Organisms: PAH Mixtures. EPA/600/R-02/013. November. 



TABLE 7-9 

TERRESTRIAL WILDLIFE MODEL NOAEL AND LOAEL EEQS-AVERAGE CONCENTRATIONS 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

Metals 
Parameter 

Raccoon Raccoon Kingfisher 
NOAEL LOAEL NOAEL 

HQ HQ HQ 

Kingfisher 
LOAEL 

HQ 

Kingfisher 
NOAEL 

HQ (w/ SUF) 

Kingfisher 
LOAEL 

HQ (w/ SUF) 

Shaded cells indicate HQ > 1 .O 
SUF = Site Use factor = contaminated area / home range 
NA = Not applicable; not a COPC for that receptor 
Only chemicals with a conservative FCM NOAEL HQ > 1 .O were calculated in the average FCM scenario 



FIGURE 7-1 

NAVY ECOLOGICAL RISK ASSESSMENT TIERED APPROACH 
SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

4 

i 

Tier 1. Screening Risk Assessment (!%A): identify pathways and 
compare exposure point concentrations to benchmarks. 

Step 1: Site visit; Pathway Identification/Problem Formulation; 
Toxicity Evaluation 

Step 2: Exposure Estimate; Risk Calculation (SMDP)(‘) 
Proceed to Exit Criteria 
for SRA 

I 
4-l 

Exit Criteria for the Screening Risk Assessment (SRA): Decision for 
exiting or continuing the ecological risk assessment. 

1) Site passes SRA. A determination is made that the site poses acceptable 
risk and shall be closed out for ecological concerns. 

2) Site fails ERA: The site must have both complete pathway and 
unacceptable risk. As a result the site will either have an interim cleanup or 
moves to the Tier 2. -, 

Tier 2. Baseline Ecolosical Risk Assessment (BERA): 
Detailed assessment of exposure and hazard to “assessment 
endpoints” (ecological qualities to be protected). Develop site- 
specific values that are protective of the environment. 

Step 3a: Refinement of Conservative Exposure Assumptions(‘) 
(SRA)----Proceed to Exit Criteria for Step 3a - 

Step 3b: Problem Formulation - Toxicity Evaluation; 
Assessment Endpoints; Conceptual Model; Risk 
Hypothesis (SMDP) 

+ 

l- 

Step 4: Study DesignlDQO - Line of Evidence; Measurement 
Endpoints; Work Plan and Sampling & Analysis Plan 
(SMDP) 

Step 5: Verification of Field Sampling Design (SMDP) 
Step 6: Site Investigation and Data Analysis (SMDP) 
Step 7: Risk Characterization 

Proceed to Exit Criteria for BERA 

J L 

Exit Criteria Step 3a Refinement 
1) If re-evaluation of the 

conservative exposure 
assumptions (SRA) supports an 
acceptable risk determination, 
then the site exits the ecological 
risk assessment process. 

2) If re-evaluation of the 
conservative exposure 
assumptions (SRA) does not 
support an acceptable rtsk 
determination, then the site 
continues in the BERA process. 
Proceed to Step 3b. 

Exit Criteria Baseline Risk Assessment 
1) If the site poses acceptable risk, then no further evaluation and no 

remediation from an ecological perspective is warranted. 
2) If the site poses unacceptable ecological risk and additional evaluation 

in the form of remedy development and evaluation is appropriate, 
proceed to Tier 3. ~ 

Tier 3. Evaluation of Remedial Alternative (RAGS C) 
A. Develop site-specific, risk-based cleanup values. 
B. Qualitatively evaluate risk posed to the environment by implementation of each 

alternative (short-term) impacts and estimate risk reduction provided by each (long- 
term) impacts; provide quantitative evaluation where appropriate. Weigh alternative 
using the remaining CERCLA 9 Evaluation Criteria. Plan for monitoring and site 
closeout. 

Notes: 1 See U.S. EPA’s 8 Steps ERA Process for requirements for each Scientific Management Decision Point (SMDP). 
2 Refinement Includes but is not limited to background, bioavailability, detection frequency, etc. 
3 Risk management is incorporated throughout the tiered approach. 



FIGURE 7-2 

ECOLOGICAL CONCEPTUAL SITE MODEL 

SITE 1 - GOLF COURSE LANDFILL 

NAVAL STATION GREAT LAKES, ILLINOIS 

PRIMARY 

SOURCE 

Wastes and 

Residue from 

Trenching and 

Burning 

Operations 

(Refuse, 

Sewage, Oil, 

Lubricants, 

Solvents, Ash, 

RELEASE 

MECHANISM 

SECONDARY 

SOURCE 

EXPOSURE 

MEDIUM 

Surface Water 

EXPOSURE 

MECHANI! 

In! 
Ingestion of food I 

JDemal Contact I lnlnl lnln 
IIngestion of water lnlnl lnln 

) PCB Materials) 1 
Direct Contact 
Ingestion of soil 

Ingestion of food 

n = cotdp~~nf EXPOSURE PATHWAY 

Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section provides a summary of the conclusions drawn during the RI and recommendations for future 

activities related to the site. 

8.1 CONCLUSIONS 

This section briefly summarizes the conclusions based on RI activities including the results of the 

subsurface soil, groundwater, surface water, and sediment sampling, the HHRA, and the ERA. 

The RI was completed at Site 1 at Naval Station Great Lakes. Site 1 was a landfill that operated between 

1942 and 1967 as a trench/burn facility. It received an estimated 1.5 million tons of material1 total during 

its years of operation. Types of waste reportedly disposed at the landfill included domestic refuse, 

sewage sludge, petroleum, oil, and lubricants, solvents, coal ash, and materials contaminated by PCBs. 

The site now offers recreational activities for Naval Station Great Lakes and the surrounding area as an 

18-hole golf course that covers approximately 125 acres. The conclusions are as follows: 

. Visual observation of soil from 89 borings was utilized to establish a perimeter outside the active area 

of the former landfill. 

l Low concentrations of VOCs, below TACO criteria, were detected at the site. 

. PAHs were detected in the subsurface soil, groundwater, sediment, and surface water at the site with 

many results exceeding screening criteria. However, interpretation of PAH data must consider that 

PAHs are common, anthropogenic contaminants frequently detected as a result of wide spread use of 

petroleum products. 

l Pesticides were detected in subsurface soil and sediment samples at the site, with some exceeding 

screening criteria for ecological receptors. 

. Low concentrations of PCBs were detected in several subsurface soil samples and one sediment 

sample; these concentrations were less than applicable screening criteria. 

l Herbicides were detected in one subsurface soil sample at a concentration less than the applicable 

screening criteria. 

xxxxx/P 8-l CT0 0013 
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l Several metals were detected in the subsurface soil, groundwater, sediment, and surface water 

samples at concentrations greater than TACO screening criteria, including lead, silver, iron, 

manganese, and thallium. 

l The results of the HHRA indicated that HIS for the subsurface soil, sediment, and surface water were 

less than 1; however the groundwater for future site residents (the major contributors to risk were 

iron, manganese, and vanadium). Residential use of this property and subsequent use of the shallow 

groundwater for drinking water purposes is highly unlikely. 

l Carcinogenic risks to a site construction worker were less than the Illinois EPA goal of 1 x 1 Oe6. 

l Carcinogenic risks‘were within the USEPA target risk range (1 x 10m4 to 1 x 10e6), but exceeded the 

Illinois EPA goal of 1 x 10e6 for most other receptors in the subsurface soil, groundwater, sediment, 

and surface water. Arsenic was the main contributor to risk in groundwater, although the maximum 

arsenic concentration was less than the USEPA MCL and Illinois EPA Remediation Objective for 

Class 1 groundwater; PAHs and dioxins/furans were the main contributors in the other media. As 

discussed in Section 6, these risk estimates were subject to significant uncertainties. 

l The ERA concluded that the overall risk to ecological receptors in Skokie Ditch is small. 

8.2 RECOMMENDATIONS 

The following future actions are recommended for this site: 

l Based on the results of the RI, no additional investigation at the site is warranted. 

. A feasibility study for the site should be prepared. Based on the results of the RI, it is unlikely that 

active remedial actions will be required, and the alternatives evaluated in the feasibility study should 

include the presumptive remedy for landfills. In general, the presumptive remedy includes 

maintaining the surface cover (golf course), establishing a perimeter groundwater monitoring protocol, 

and instituting land use controls for use of the site land and groundwater. 

. The fire fighter training unit, located within the boundaries of Site 1, should be incorporated in to the 

feasibility study and subsequent decision documents. 
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